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CHAPTER I. INTRODUCTION 
One fourth of the harvested cropland in Mexico is depen­
dent upon irrigation, however, these 2.5 million hectares 
provide nearly 50.0 percent of the agricultural product (47). 
Federal Investment has brought a large portion of this land 
under irrigation, yet the incomes of rural families are only 
about half of the urban Mexican family. Eighty-five percent 
of the rural families had annual incomes of less than $6,500 
(pesos) in 1963 (9).^ The importance of irrigation in 
Mexico coupled with continued low rural incomes suggests 
that knowledge about resources allocation in irrigated agri­
culture would be beneficial. Hopefully, these data will 
indicate ways of improving resource use and result in improved 
living levels. 
Comarca Lagunera, an irrigated region in northcentral 
Mexico is selected for this study. Recent water-fertilizer 
experiments with cotton, wheat and oat forage and fertilizer 
and planting date data for a number of other crops contribute 
to the desirability of the Laguna Region selection. Limited 
water, under employment of labor, excess land and capital 
rationing are characteristic of many irrigated regions In 
^One peso is worth $0.08 U.S. dollars. It should be 
noted that all monetary units are In pesos. Also, the metric 
system of weights and measures is exclusively used unless 
otherwise stated. All Spanish terms are defined in Appendix 
A. 
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Mexico including La Comarca Lagunera and suggests a common, 
if not typical situation. Also, recent encouragement by some 
government institutions to change the conventional cropping 
pattern adds interest to a resource use study. 
Problem Specification and Research Objectives 
This study is restricted to those ejidal societies who 
receive their irrigation water from Cardenas Dam on the Nazas 
River. As shown in Table 1.1 this includes 31,66? ejidatarios 
or about 60.0 percent of the water users in the Laguna 
Rpginn (53)= All of these ejidatarios have four hectares of 
land and thus provide a population with uniform farm size 
who are dependent upon a single water supply. 
A number of research objectives are undertaken in this 
study. Specifically, the following are incjuded: 
1. Determine the optimum resource allocation and 
enterprise combination for both the Laguna Region and the 
Individual ejidatario under current product and resource 
prices. This will allow comparisons with the actual situa­
tion and suggest ways to improve resource use. 
2. Determine the resource base required for selected 
ejidatario income levels. This will suggest the types and 
magnitudes of changes required if the farm family is to 
Improve its level of living. 
3. Estimate the implications of dairy enterprise 
expansion upon resource use, enterprise combinations and 
Table 1.1. Number of water users, hectares Irrigated and water source by private 
and ejidal sectors in Comarca Lagunera in 1966-6? 
Water source 
Private 
No. No. 
Ejidal Total 
No. % 
Dam 
River diversion 
Pump 
Total 
2,184 
2,325 
1, 366 
5,8?5 
37.2 
39.6 
23.2 
1 0 . 0  
Number of users 
31,667 61.0 
7,594 14.5 
12,740 4.5 
52,001 90.0 
33,851 
9,919 
14,106 
57,876 
58.5 
17.2 
24.3 
100.0 
Dam 
River diversion 
Pump 
Hectares irrigated 
7,147 19.7 35,605 47.5 
8,947 24.6 22,525 30.0 
20,241 55.7 16,884 22.5 
42,752 
31,472 
37,125 
38.4 
28.3 
33.3 
Total 36,335 32.7 75,014 67.3 111,349 100.0 
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incomes in the Laguna Region. Expected changes in the crop 
production patterns would indicate the direction experimental 
research should take. 
4. Determine the economic results of the recommendations 
of some government institutions that pecans and oat forage be 
cultivated in La Comarca Lagunera. 
5. Evaluate the mechanized, custom and animal power 
technologies with respect to current resource supplies and 
prices. 
A Brief History of Comarca Lagunera 
The first Spanish owners of the Laguna Region were 
Fransicso de Urdinola and Marquese de Aguayo, In l820 a rela­
tive of Marquese de Aguayo sold the region to the richest 
priest of Monclova, Don Melchor Sanchez Navarro. In 1848 
Leonardo Zuloaga and Ignacio Jimenez paid $80,000 for two-
thirds of the Laguna Region and initiated irrigation from the 
Nazas River. Shortly after this the population grew as people 
migrated from revolution torn central Mexico and purchased 
small plots of land along the river or worked for the large 
land owners. 
Around the turn of the century a few large companies 
purchased most of Comarca Lagunera. One British-American 
firm farmed 46,630 hectares and a Spanish company owned over 
48,000 hectares while 90.0 percent of the rural population 
was landless. 
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The cry, "Land and Liberty," echoed by Panco Villa and 
Emiliano Zapata in northern and central Mexico, respectively, 
united the peasants and precipitated the 19IO revolution. 
This revolution resulted in the 1917 constitution which 
provided for agrarian reform in Article 27, however, less 
than 5J000 peasants had received land by the end of 1935. 
In 1930 the hacendados in Comarda Lagunera realized 
that their lands might be expropriated. This prompted them 
to develop a plan to purchase land on the outskirts of the 
Laguna Region and give it to the peasants in exchange for 
protection from future agrarian reform. This plan was 
accepted by President Abelardo Rodrigues in November 1934. 
This action, however, only seemed to aggravate the situation 
and in the summer of 1935 some strikes were called against 
the haciendas followed by a general strike in the summer of 
I93Ô. The situation became so serious that President Lazaro 
Cardenas called the strike leaders to Mexico City and on 
October 6, 1936 issued the presidential degree applying the 
agrarian code to the Laguna Region. 
The reform distributed land to workers who lived within 
seven kilometers of the haciendas and who could claim at 
least six months residency. The large landholders were 
allowed to retain I50 selected hectares but the remainder 
reverted to the government who divided it among 28,583 
peasants in four hectare plots after compensating the owners 
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for their capital improvements. The peasants were given the 
inheritable right to cultivate the land but did not receive 
title to It.^ 
The peasants who received the small land plots were formed 
into ejidal societies and the Ejidal Bank (Banco Naclonal de 
Crédite Ejidal or Banco Ejidal) was established and given 
the responsibility to provide the ejidatarios credit and 
management assistance. 
Although given the right to cultivate four hectares of 
land the ejldatario is only given water for about one 
hectare. This is the major explanation for the low family 
incomes in Comarca Lagunera. The average annual rural family 
income in the Laguna Region is estimated to be less than the 
national rural family average (49). 
The social and political character of the Laguna Region 
is significantly influenced by the economic situation. Today 
the ejidatario often watches while large tractors rented from 
the Banco Ejidal quickly prepares, plants, fertilizes and 
cultivates his cotton. Insecticides are applied with planes 
and he is left to irrigate, hoe and pick his cotton and 
brood in his leisure. 
^There was only enough land for about 80 percent of 
the eligible peasants. Those vjho did not receive land in 
Comarca Lagunera were promised land elsewhere in Mexico. 
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A Description of Comarca Lagunera 
Location 
Comarca Lagunera Is located in the great desert belt of 
northern Mexico in the states of Durango and Coahuila. 
Torreon, a city of nearly 200,000 is the center of economic 
activity and Is about 23O miles west of Monterrey, N. L. and 
700 miles north of Mexico City. 
The area typically referred to as the Laguna Region is 
part of an arid plateau between the Sierra Madre Oriental 
and Sierra Madre Occidental mountain ranges with foothills 
of the latter dotting its alluvial plain. Politically, the 
region includes nine counties and nearly 3-3 million hectares. 
The elevation of Comarca Lagunera ranges from 1,090 to l,l40 
meters. 
Climate 
Table 1.2 shows some of the climatic characteristics of 
the Laguna Region, January is the coldest month with a low 
temperature of 5.8 degrees centigrade or 43 degrees fahren-
helt. Frosts are common in the winter months. They can be 
expected once or twice in November but rarely occur after 
the first of April. The hottest days are in the early spring 
with high temperatures in the low 90s expected in May and 
June. 
Late summer and early fall normally have the majority 
of the rainfall in Comarca Lagunera, September averages 
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Table 1.2. Average monthly maximum, minimum and mean 
temperatures, precipitation and days of frost 
in Comarca Lagunera 
Max. temp. Min. temp. 
°C 
Mean temp. Rain Frost 
Month oc OQ mm days 
Jan. 21.2 5.8 13.6 7.3 6.24 
Feb. 24.1 8.2 16.2 3.6 2.00 
Mar. 27.4 20.4 19.4 2.1 1.33 
Apr. 30.6 13.4 22^9 5.4 0.18 
May 33.1 16.7 25.8 14.9 0.00 
June 33.7 19.4 27.0 31.1 0.00 
July 31.2 19.6 26.4 39.8 0.00 
Aug. 31.0 29.6 26.3 39.0 0.00 
Sept. 29.4 17.0 24.2 53.8 0.00 
Oct. 28.1 13.7 21.5 25.3 0.00 
Nov. 24.3 9.3 16.5 8.1 1.46 
Dec. 20.8 6.3 13.7 10.6 4.07 
slightly more than five centimeters. The expected annual 
rainfall is less than 24 centimeters. 
Soils 
Most of the soils in the Laguna Region belong to the 
light brown group as classified by Dr. C. F. Marbutt (52). 
The Coyote, Zaragoza and San Ignacio series make up over 
half of the total area. The remainder is a mixture which 
includes other series in the light brown group as well as 
some gray group series and black and white alkali. The 
majority of the soils in Comara Lagunera are clay or loam. 
A detailed study of the Laguna Region in 1951 by 
Secretaria de Recursos Ilidraulicos (SRH) concluded that the 
soils in the La Comarca Lagunera are generally low In organic 
Table 1.3. 196O census land classification of Coniarca Lagunera 
Private Ejidal Total 
Land class has % has % has % 
Cultivable 
Irrigable 120,311 58.0 158,702 83.9 279,013 70.4 
Subirrigated 4,800 2.2 528 0.3 5,328 1.4 
Nonirrigable 79,948 38.7 29,457 15.6 109,495 27.5 
Total 207,472 lA 189,107 29.4 396,579 11.6 
Noncultivable 
Pasture 1,122,650 43.5 257,578 56.6 1,380,228 45.5 
Woods 220,586 8.5 44,690 9.8 265,276 8.6 
Other 1,239,784 48.0 152,447 33.6 1,392,231 45.9 
Total 2,583,020 92.6 454,715 70.6 3,037,735 88.4 
Total land 3,790,492 81.3 643,822 I8.7 3,434,314 100.0 
10 
matter and nitrogen (52). There may also be deficiencies In 
some of the minor elements. The average pH of the soils is 
slightly greater than 8.0. 
Table 1.3 shows the 196O land classification for the 
nine counties which comprise the Laguna Region. It should 
be pointed out that Irrigable land is not equivalent to 
irrigated land because there is water for only about 25.0 per­
cent of the irrigable hectares. 
Water and water policy 
There are three sources of Irrigation water in Comarca 
Lagunera: water released from Cardenas Dam, water diverted 
directly from rivers and water pumped from the ground. Table 
1.4 shows that nearly 6O.O percent of the irrigation water 
is supplied from Cardenas Dam (53). Also, water diverted 
from the rivers directly is only about half of that supplied 
by pumps. 
Table 1.4. Cubic meters of water supplied by the Cardenas 
Dam, direct river diversion and pumps in Comarca 
Lagunera in the 1966-67 crop season 
1,000 
Source Cubic meters % 
Cardenas Dam 
Direct river diversion 
Pumps 
934,928 58.2 
228,499 ^L2 
443,958 27.6 
Total 1,608,001 100.0 
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Alvarez (4) states that only $4.4 percent of the ground 
water Is tolerable or better for irrigation and that the 
remainder is poor or very poor. This limits the potential 
of pump irrigation and emphasizes the importance of river 
water irrigation. 
Cardenas Dam is operated by SRH and the Laguna Region 
is subject to its policies. The policy in the past has been 
to release water in relation to rainfall received. Table 
1.5 shows that water released during the past ten years has 
ranged from l,4l8 and 314 thousand cubic meters (53). This 
is a range of from 37.2 to 167.5 percent of the average of 
846 million cubic meters. The current SRH water policy is to 
Table 1.5 Cubic meters of water released from Cardenas Dam 
during the past ten years 
Crop year 
1,000 
cubic meters of average 
1966-67 934,928 110.5 
1965-66 386,240 45.6 
1964-65 717,467 54.9 
1963-64 7,747,975 88.3 
1962-63 _a _a 
1961-62 738,750 87.2 
1960-61 1,035,959 122.5 
1959-60 1,320,270 156.0 
1958-59 1,418,227 167.5 
1957-58 314,275 37.2 
Average 846,010 100.0 
^Data not available. 
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release about 800 million cubic meters annually. This quan­
tity, they estimate, will provide the farmers with a constant 
annual water supply regardless of a given years rainfall. 
Current cropping patterns 
The Laguna Region benefits from environmental conditions 
which are extremely favorable for cotton production. The 
small amount of rain during the picking season and lack of 
serious disease problems makes Comarca Lagunera nearly ideal 
for cotton. This is shown in Table 1.6 where 63.7 percent 
of the total planted hectares and 79.3 percent of the value 
of product are derived from cotton (49). In the area focused 
upon in this study, the ejiditarios receiving water from 
Cardenas Dam, 89.6 percent of the cropland planted and 96.7 
percent of the value of product are from cotton. 
Wheat is the second most important crop in terms of 
hectares in the Laguna Region while corn holds this position 
in the defined ejldal sector. The Importance of corn In the 
eJidal sector is attributable to its use as food. 
Livestock 
Very little livestock is produced in the Laguna Region 
for other than local consumption. However, the past five 
years has seen an Increase in the number of dairy herds in 
the region as a fresh milk market in Mexico City has been 
developed. A feedlot and slaughtering operation owned by the 
Banco Nacional de Crédite Agricola also feeds and processes 
Table 1.6. Crop production and value of production in Comarca Laguna and the 
ejldal sector receiving water from Cardenas Dam in the I966-67 crop 
year 
Comarca Lagunera Ejidal sector 
Production Value of prod. Production Value of prod. 
Crop has $1,000 ^ has Jo $1,000 
Cotton 84, 216 63. 7 629, ,125 79. 3 31; ,519 89. 6 262; ,334 96. 7 
Wheat 15. ,000 11. .3 32; ,283 4. ,1 799 2, .3 1. ,046 0. ,4 
Alfalfa 7. 200 5. ,4 35. ,500 4. 5 0 0, .0 0 0. ,0 
Corn 6, 500 4. 9 12. ,032 1, .5 1; ,187 3. 4 1. ,895 0. 7 
Grapes 5. ,500 4. ,2 25. , 068 3. 1 0 0, .0 0 0. ,0 
Grain sorghum 3; ,000 2. 3 5; ,781 0, .7 192 0, .5 285 0. ,1 
Safflower 1. ,500 1. ,1 3. ,190 0. ,4 0 0. ,0 0 0. ,0 
Forage sorghum 900 0. 7 2. ,735 0. 4 300 0, .8 935 0, ,3 
Others _8, 570 6. ,4 48, ,548 6. ,0 1. ,190 3. ,4 5. ,033 1. ,8 
Total 132, 386 100, .0 794; ,298 100, .0 35; ,187 26 . 6 27I; ,528 334 .1 
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a limited number of cattle. 
Population and labor force 
The i960 census showed 59.5 percent of the population in 
Comarca Lagunera to be urban and 40.5 percent to be rural 
(48). If the city of Torreon is excluded, then more than 
60.0 percent of the population is rural. Including Torreon, 
the Laguna Region has a permanent work force of 172,426— 
about one-third of the population of the region. Table 1.7 
shows that 52.0 percent of this work force is involved in 
agriculture and forestry or the primary industries. Nearly 
17.0 percent of the workers in the Laguna Region are employed 
by secondary industries and 28.8 percent by the service 
industries. In addition to the permanent work force, children 
and a rather large transit labor force are available during 
the cotton picking season. 
Table 1.7. Work force by number and percent in primary, 
secondary and tertary industries 
Industry Number fo 
Primary industries 90,613 52*6 
Secondary industries 28,670 3 6.6 
Tertary industries 49,665 26.8 
Unspecified 3,458 2.0 
Total 172,426 100.0 
The majority of the agricultural credit is supplied by 
the Banco Naclonal de Crëdlto Ejldal, S.A. and the Banco 
Naclonal de Crédlto Agricola, S.A. The former institution 
provides credit for the ejldal sector and the latter for 
the small private farmers or pequeno proputarlos. Some of 
the private banks in the area are starting to make agricul­
ture production loans and some individuals are also credit 
sources. The 'cyplcal bank Interest rate 1:: one percent per 
month but the private rate may be considerably higher. 
Other Relevant Studies 
A number of studies conducted in Mexico are relevant to 
this study because of their use of linear programming and/or 
involvement in Comarca Lagunera. Conk]in (l8) utilized 
linear programming in his study o!' T.a Eegona district in the 
Rio Lerma. irrigation project in the r.tate of Guanjuato. Three 
levels of meci.ar'izatlon vore evaluated on farms oT various 
sizes and capital levels, Farms of less than 6 hectares used 
animal power vjhlle farmers of more v.han 20 hectares utilized 
tractors. The Intermediate size farms used a combination of 
animal pov/er an^i custom tractor pov.'er. VJater showed the 
highest marginal value product of the resources considered, 
from 75 to 95 $/hacm. V'ater was limited to 70 he c tare -
centimeters per hectare but a regional vjater analysis was 
not undertaken. Also, unfortunately, some of the product 
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prices used provided unreasonable recommendations. 
Barrera (10) analyzed Comarca Lagunera resource use for 
three crops, cotton, wheat and oat forage. His results sug­
gest that the region should be a cotton monoculture. Although 
both wheat and oat forage have water demands which occur 
earlier in the crop year, substantial income sacrifices would 
be made if these crops were grown. Barrera also showed that 
a minimum water quantity should be transferred between crop 
years. 
Silos (61) compared a number of financially successful 
and unsuccessful ejidal societies in the Laguna Region and 
attempted to identify "factors of success." Size appeared to 
be the most important success factor. Silos also made a 
detailed analysis of a single ejldal society, however, the 
majority of this work is descriptive. 
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CHAPTER II. METHODOLOGY 
The General Linear Programming Model 
Linear programming is the empirical method used in this 
study. This tool allows the consideration of nearly infinite 
combinations of production activities and selects the combina­
tion which will maximize (minimize) net income (costs) for a 
given set of resource restrictions. The development and use 
of linear programming has paralleled that of the electronic 
computer upon which it is dependent for solving problems of 
moderate or larger size. 
The linear programming problem is typically expressed as; 
n 
Maximize (Minimize) Z - v c,-x^ (2.1) 
j=l 
subject to Xj > 0 i = 1, 2, ..., n (2.2) 
n 
and b^ = r a^jx. i = 1, 2, ..., m. (2.3) 
j=l 
The objective function. Equation 2.1, is maximized or 
minimized depending upon the specific problem being con­
sidered. When net Income is the focal point the function is 
maximized. If costs are paramount as in the calculation of 
an animal ration, then costs are minimized in the objective 
function. 
The Xj's are the solution levels of the production 
activities or the alternative methods of growing corn, cotton 
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and wheat. The cu's are the net incomes for each unit of the 
Xj production activities. 
Equation 2.2 states that all production activities must 
be positive, that is, you cannot grow a negative number of 
hectares of cotton. Equation 2.3 requires that the supply of 
the i^^ resource, b^, must equal the sum of the input-output 
or technical coefficients, a^^'s, times the level of each 
activity (xj). Thus, land supply must equal the sum of the 
land used by each crop production activity including a slack 
or nonuse land activity. 
A number of assumptions are basic to the mathematical 
linear programming model. The assumptions and their economic 
implications are considered below. 
Linearity 
The assumption of linearity requires that each activity 
have constant returns to scale. Thus^ If one unit of a 
specific wheat activity produces 100 bushels of grain, two 
units of the same activity will produce 200 bushels and ten 
units 1,000 bushels. When nonlinear relationships are 
encountered then several processes are required to obtain 
a linear approximation of the nonlinear relationship. The 
example of diminishing returns in fertilizer experiments is 
a case in point where several linear activities are needed 
to express the nonlinear relationship. 
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Addltlvlty 
The addltlvlty assumption requires that the total quan­
tity of resources used by all of the activities must be equal 
to the simple sum fonued by the addition of the resources 
used by each Individual activity. Consequently, no Inter­
action between resources is allowed and Increasing and 
decreasing returns to scale for a single activity are not 
permitted. 
Divisibility 
This assumption requires that resources may be used and 
products produced In any fractional unit level. Hence, 
1.0002 hectares of corn can be cultivated and produce 100.02 
bushels of grain. 
Flniteness 
This assumption states that the number of alternative 
ways in which resources may be used is In fact a finite 
number. Consequently, all possible combinations of activities 
are definable. 
Single-valued expectations 
This assumption requires that resource and product prices, 
technical coefficients, and resource supplies are all known. 
Thus, in a given program only one product price and resource 
supply may be used. However, in alternative programs these 
may be changed. 
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Linear Programming Models Used In this Study 
Three basic models are constructed for this study, one 
for each of the three power technologies considered. The 
mechanized, custom and animal power technology models use 
net income maximization as the objective function. Although 
other objectives may prevail for various individual farmers, 
profit maximization gives a benchmark for estimating the 
opportunity cost of other goals. 
The "range" aspect of the MPS/36O LP routine is used to 
estimate the range over which a shadow price is relevant.^ 
When additional information with regard to the sensitivity 
of the solution is needed parametric programming is used. 
Data Collection for this Study 
The bulk of the data used in this study come from 
Mexican agronomic research (5,6,15,25,26,33,41,42,43,44,45, 
59,63) and some farm surveys conducted in Comarca Lagunera 
by the Centro de Investigaciones Agricolas del Noreste 
(CIANE) in 1967 (2,3,39,60). Additional water and irrigation 
data come from experiments in the United States (14,27,28,34, 
36,55,57,62) some of which are transposed to the Laguna Region 
by consumptive use data (12,13,14,17). 
Data concerning resource supplies and product and 
resource prices are principally supplied by the Secretarla 
^Por additional detail about range analysis see Beneke 
(11). 
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de Recursos Hidraulicos (50,51,52,53) and various census 
reports (9,47,48). 
Calendars of operation for all of the crops were checked 
by CIANE personnel and consumptive use transformations by 
Dr. Ramdn Ferna'ndez. Other data were checked by personal 
Interviews with a number of farm managers in Comarca 
Lagunera. 
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CHAPTER III. PROGRAM RESTRICTIONS, ACTIVITIES, 
RESOURCE SUPPLIES AND RESULTS PROFILE 
As indicated in Chapter II three basic models are used 
in this study, one for each of the three power technologies 
considered. The restrictions and activities for the three 
models are presented in this chapter along with their co­
efficients. Some general cormaents about the selection of 
the power technologies and management levels will precede 
the presentation of the restricfcionn, activities and price 
data. An outline of the results presentation concludes the 
chapter. 
Power Technologies 
The power technologies selected for this study are based 
upon the curr"n;: :.:ia anticipated situation in Comarca Lagunera. 
Nearly all of the farmers make use of modern power technology 
(tractors) co some degree. Some of the ejldal societies own 
tractors and their associated machinery outright. They are 
referred to as the "mechanized power technology." Many of 
the ejldal societies fall into the class of renting machinery 
from the Banco /ijidal or private operators and not employing 
any animal power. Thus, they do not have to invest capital 
In power machinery and equipment. They are referred to as 
using the "custom power technology." The "animal power 
technology" is the third group and refers to those societies 
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which mix custom plowing and other "heavy" operations with 
animal power for cultivation and "light" operations. 
An "all animal power technology" is not included be­
cause it is not found and it is not likely that agriculture 
in Comarca Lagunera will revert to this power technology. 
A second technology not included, because of lack of 
data, is the "small tractor power technology." Recently the 
Ford Tractor Company has developed a small hand tractor with 
the power of about one cx team. This power unit is referred 
to as the developing nations tractor or DNT. Company testing 
of the DNT has been completed in Costa Rica and some experi­
mentation has been started in Mexico, however, the tractor 
is not generally available yet. 
Both fixed and variable costs are associated with each 
technology. The variable costs, such as tractor fuel, are 
included in the net costs of the various crop activities. 
The fixed costs are not included in the net costs, and there­
fore must be explicitly stated if realistic comparisons 
between the different power technologies are to be made. 
Only those fixed costs not common to all of the power 
technologies are included. Thus, equipment such as shovels 
and machetes which are required in all of the technologies 
are omitted. In this format, the custom power technology 
does not have fixed costs because all power services are 
hired and all other equipment is Identical to that required 
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by the other two technologies. 
Both the animal and mechanized power technologies 
resources are jointly owned by either the entire ejidal 
society or a subset of its members. Thus, the ejidatario's 
fixed costs are dependent upon the number of members who 
are sharing the fixed costs of ownership. Tables 3.1 and 
3.2 list the components of the fixed costs considered in 
this study: depreciation, interest on investment and repairs. 
Figure 3.1 shows the fixed costs of the jointly owned re­
sources as the number of owners expands for both the animal 
and mechanized technologies. The figure shows the character­
istics typical of fixed cost curves. 
The maximum number of joint owners is dependent upon the 
power requirements per ejidatarlo of the crops grown. For 
example, assuming proportinate water distribution and a 
cotton monoculture, the maximum power requirements are 5.6 
and 30.5 hours per month per ejidatarlo for the mechanized 
and animal power technologies respectively. Thus, a maximum 
of 7.8 ejidatarlos could share the animal fixed costs and 
43.0 the mechanized fixed costs. Assuming these ownership 
patterns, the fixed costs per ejidatarlo are about $495 and 
$38 for the mechanized and animal power technologies 
respectively. Thus, if the net farm Income of the animal 
power technology is less than $457 greater than the 
mechanized technology, the latter is preferred. Realls-
Table 3.1. Mechanlzecl povjei" technology power unit a/nd associated equipment 
and machinery Inventory 
Item No. 
Total 
purchase 
price 
$ 
Life 
years 
Salvage 
value 
$ 
Annual 
depre­
ciation $ Repairs $ 
Interest 
on 
invest­
ment 
-î' 
Total 
annual 
fixed 
costs 
$ 
40 HP tractor 1 55,000 10 5,000 5,000 2,750 3,000 10,750 
Plow 1 11,000 10 1,000 1,000 330 600 1,930 
Disc-harrow 1 8,000 12 8,000 600 240 480 1,320 
Ditcher 1 3,000 10 300 270 60 180 510 
Leveler 1 3,000 10 300 270 60 180 510 
Planter 1 8,500 10 500 800 340 510 1,650 
Border 1 5,000 10 500 450 195 200 945 
Cultlpacker 1 4,000 20 400 180 40 240 460 
Cultivator 1 7,000 lO 700 630 210 420 1,260 
Rotary mower 1 6,000 o 400 700 180 360 1,240 
Wagon 1 4,000 10 500 350 120 240 710 
Total 114,500 10,400 10,250 4,525 6,510 21,285 
Table 3.?. pov;er technology pov;er v.nit and associated equipment end 
machinery inventory 
Item No, 
Total 
purchase 
price 
& 
Life 
years 
Annual 
depre­
ciation 
$ 
Repairs 
Interest 
on 
invest­
ment 
Total 
annual 
fixed 
costs 
$ 
Mule team 1 2,400 8 300 1,100& 144 1,444 
Mule harness 2 300 5 60 10 18 78 
10" iron plow 1 500 10 50 20 30 100 
9" v.'ooden plow 1 360 8 45 15 22 82 
.J agon 1 4,000 10 350 110 240 710 
Total 7,560 cO- 1,155 454 2,414 
^Estimated cost for maintaining mule team. Cost of work energy is included 
in the variable cost of the crop operations. 
27 
Fixed costs 
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Number of mechanized power technology joint owners 
Figure 3.1. Fixed costs per ejidatario for the mechanized 
and animal power technologies for selected 
numbers of joint owners 
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tlcally, some point other than the maximum should be used for 
evaluation of the various power technologies depending upon 
problems of ownership etc. Perhaps two or four Joint owners 
are more suitable for the animal technology and about 25 for 
the mechanized technology. When comparisons are made in 
the later chapters a number of ratios are selected and break­
even pointa estimated. 
Variable costs and time requirements for selected 
operations of the three power technologies are presented in 
Table 3.3. Combine harvesting is a custom operation in all 
of the power technologies. Also, man hours for mechanized 
operations are assumed to be the same as machine time. The 
data are based upon farm surveys (2,3) conducted in the 
Laguna Region and compared with data from the Yaqui Valley 
(59), United States mechanized data (40) and personal inter­
views with farm operators. Calendars of operation by power 
technology and crop which also show the power and man time 
requirements are presented in Tables B.9 to B. 21 in 
Appendix B. 
Management Levels 
Most of the crop yield data used in this study is from 
research experiments rather than farm survey sources. Thus, 
it is necessary to define a management level for the ejidal 
sector which will convert the experimental yields to those 
of the ejldatario. An estimation of this is made by com-
Table 3.3. Selected crop operations for the mechanized, custom and animal power 
technologies and their per hectare time and capital requirements 
Mechanized Custom Animal 
Crop operation hr/ha.'* $/ha^ hr/ha" $/ha Yïv/haP- $/ha^ 
Plow 3.2 16 .00  3.2 100.00 _f 
Disc-dry 1.4 7 .00  1. 4  40 .00  _f 
Disc-harrow (2X v;et) 2 .0  10 .00  2 .0  80 .00  
Build canals 1.0 5 .00  1.0 40 .00  5.0 2 .50  
Level 1.0 5 .00  1.0 40 .00  
Border 0 .8  4.00 0 .8  50 .00  8 .0  4 .00  
Seed-fertilize 2 .0  10.00 2 .0  50 .00  12.0 6 .00  
Cultlpack 1.0 5 .00  1.0 20 .00  4 .0  2,00 
Aux. fertilization 1.5 7 .50  1.5 35 .00  9 .0  4 .50  
Cultivate 1.8 9 .00  1.8 40.00 9 .0  4 .50  
Chop cotton stubble 0 . 5  2 .50  0.5 35 .00  4 . 0  2 .00  
Combine wheatS 90 .00  
Combine safflower^ 100.00 
Combine grain sorghum^ 65 .00  
^Machine and man time are the same. 
^Variable costs are $5.00 per hour for fuel etc. 
^Machine time. 
'^Animal and man time are the same. 
^Variable costs are $0.50 per hour for supplementary feed. 
fThese operations are custom hired in the animal power technology. 
Scustom operations for all power technologies in terms of pesos per ton. 
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paring the actual crop yields of cotton to those possible as 
defined by the experimental yields. Critical to this method 
of defining management is the assumption that the experi­
mental plots and ejidatario cropland be of similar quality. 
Also, that the same point on the production surface be 
compared. Assuming this and that the private farmers apply 
100 kg of nitrogen per hectare to their cotton and that 
90.0 percent of the fertilizer used is applied to cotton 
ejidatario yields appear to be about 8,5.0 percent of the 
experimental results. Likewise, the private sector yields 
appear to be about 95.0 percent oi' the experimental yields. 
The actual estimation of these management levels and their 
data sources are presented in Appendix A. 
Program Restrictions 
The three power technology models all have similar 
restrictions with respect to land, labor, capital, credit, 
water and a minimum living allowance. The power supply 
restrictions vary with the power technology. 
Land 
The 1967-68 crop year report of the SRH showed 31,667 
ejidatarios using water from Cardenas Dam (53). The 
agrarian code gives each ejidatario four hectares of land 
thus there are 126,668 hectares in the ejidal sector of the 
Laguna Region which can receive water. The land is assumed 
to be of uniform quality. 
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Labor 
The family provides the majority of the labor for the 
ejldal farms. The average family has 5.47 members with about 
four over the age of eight. It is assumed that these four 
members include the parents, a son and a daughter. 
Table 2.4 shows the monthly family labor supply. It is 
assumed that the father works 26 eight hour days each month. 
The son helps his father by working four hours after school 
and eight hours on Saturday. During June and July when school 
is out he is available to work an additional 44 hours each 
month. The daughter basically helps the mother in caring 
for the house etc. but is available for 60 hours of work a 
month during the cotton harvest season. 
Transit labor is available in the Laguna Region during 
the cotton harvest season. The current legal minimum wage 
r^.te is $1.80 per day however, workers are usually hired at 
rates less than this. A wage rate of $1.50 per hour is used 
in this study and conforms to data supplied by Luis Aquirre 
at CIANE (2). 
Water 
As stated earlier, this study is limited to those 
ejidatarios who receive water from Cardenas Dam. During the 
past 17 years there has been an average of 892,346,000 cubic 
meters annual inflow into the dam. Of this volume, the 
ej'ldal sector receives 83.0 percent or 740,647» 170 cubic 
32 
Table 3.4. Monthly family labor supply 
Father Son Daughter Total 
Month hrs hrs hrs hrs 
Jan. 208 60 0 268 
Feb. 208 60 0 268 
Mar. 208 60 0 268 
Apr. 208 60 0 268 
May 208 60 0 268 
June 208 104 0 312 
July 208 104 0 312 
Aug. 208 60 60 328 
Sept. 208 60 60 328 
Oct. 208 60 0 268 
Nov. 208 60 0 268 
Dec. 208 60 0 268 
meters. Table 3-5 shows the average monthly ejidal n octor 
and total inflow as well as the percent annual inflow by 
month. The percentage losses by infiltration and evapora­
tion for holding water any given month in the dam is also 
presented. For example, each 1,000 cubic meters of water 
stored behind the dam in January will transfer 995 cubic 
meters to February. That is, the losses in transferring 
water from January to February are 0.5 percent. 
Capital and Credit 
Bank loaning policies and farm surveys indicate that 
the typical ejidatario has very little capital and depends 
upon credit for production financing. It is assumed that 
the ejidatario has $500 of initial capital on January 1 to 
meet production and domestic expenses. Also, it is assumed 
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Table 3.5- Average monthly water Inflov/ into Cardenas Dam 
for the ejidal sector and total, percent inflow 
by month and montly percentage infiltration and 
evaporation losses 
Month 
Water inflow 
Ejidal sector 
cubic meters 
into Cardenas 
Total 
cubic meters 
Dam storage 
lossei 
Jan. 7,406,472 8,923,446 1.0 0.50 
Feb. 5,702,983 6,871,068 0.7 0.61 
Mar. 7,184,278 8,655,762 0.9 0.85 
Apr. 4,962,336 5,978,722 0.6 1.02 
May 3,851,365 4,640,202 0.5 1.12 
June 13,553,843 16,305,845 1.8 1.09 
July 63,965,657 76,741,801 8.6 0.89 
Aug. 248,038,194 298,841,372 33.5 0.73 
Sept. 303,961,601 366,219,027 41.1 0.53 
Oct. 31,033,117 37,389,320 4.2 0.52 
Nov. 5,184,530 6,246,425 0.7 0.50 
Dec. 10,072,802 12,135,913 1.3 0.56 
Total 740,647,170 892,346,000 100.0 8.92 
that unlimited crédit is available at the rate of one percent 
per month. It is assumed that Income generated during one 
month is available to meet production and living expenses 
during the following month. Thus, cotton sold in November 
can be used to meet December expenses. 
Minimum living allowance 
A minimum living allowance of $300 per month is required 
for each ejidatario. This allowance can be met with either 
income generated in the previous month or credit financing. 
In certain models resource levels required to generate 
specified income levels above the minimum living allowance 
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are used. The levels are 10 and 15 thousand pesos above 
the minimum living allowance and represent the current 
situation and two higher income levels. 
Crop Enterprises 
Three hundred and forty-nine crop enterprises are 
included in this study. These enterprises represent 12 
crops with selected planting dates, fertilizer levels and 
irrigation schemes. Cotton, wheat, grain sorghum, safflower, 
corn, grapes alfalfa are already important in the Laguna 
Region. Also included are oat forage, sorghum forage, sudan 
forage, strawberries and pecans. The forages are included 
because of the growing importance of the dairy industry and 
because oats has its water demand shortly after the major 
fall rains. Strawberries are added because they have a high 
labor demand and a high net income per hectare. Pecans are 
included because they are being pushed by one of the agri­
cultural banks. Detail information regarding planting dates, 
fertilizer levels, irrigation schemes, etc. is presented in 
the following pages and in Appendix B. 
Cotton 
Sixty cotton activities are included in each power 
technology model. Four fertilizer levels, five irrigation 
levels and three planting dates differentiate the enterprises. 
The fertilizer and irrigation levels are defined in the 
cotton-water experiment conducted by the Institute Nacional 
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de Investlgaciones Agricolas (INIA) in I967 (44). Table 3.6 
presents the results of this research. 
Table 3.6. Field production of cotton in kg/ha for selected 
water and nitrogen fertilizer levels^ 
Irrigation scheme and net water applied 
Nitrogen (hacm/ha) 
fertilizer A B C D E 
level (kg/ha) 66.0 79.5 76.4 85.5 93.2 
0 2,724 2,750^ 2,882 2,954 3,161 
50 3,648 3,866 4,021 4,4l8 4,518 
1Œ) 4,296 4,583 4,958 5,374 5,403 
150 4,638 5,130 5,335 5,696 5,772 
^Planted mid-April I967. All plots received 80 kg/ha 
of PgO^ in addition to the indicated level of nitrogen. 
^Adjusted from the experimental value of 2,695. 
The normal planting period for cotton is between April 
10 and 25. Yields of 75.0 and yO.O percent respectively, 
are expected for cotton planted before and after the normal 
planting period (45). 
Cotton is harvested in four hand pickings of 10.0, 30.0, 
50.0 and 10.0 percent of the total crop. Timing of the 
pickings is presented in Table B.9, Appendix B. 
Adjustments in the irrigation schemes for the early and 
late planting dates are made with the Blaney-Criddle con­
sumptive use formula.^ Early planted cotton requires 113.0 
ïpor a detailed treatment of consumptive use see Blaney 
and Griddle (12). 
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percent of the normal planting date Irrigation water demand 
and late planted cotton 85.0 percent. 
Wheat 
The 75 wheat cictivities are combinations of three 
planting dates, five nitrogen fertilizer levels and five 
irrigation levels. The fertilizer and irrigation levels 
are those defined in an experiment conducted in the Laguna 
Region and reported at the Second National Irrigation Seminar 
held in Torreon, Coahuila, in the summer of 1968 (5). Table 
3.7 reports the results of that experiment. 
Table 3.7.  Wheat yields in kg/ha for selected irrigation 
and nitrogen fertilizer treatments^ 
Irrigation scheme and net water applied 
Nitrogen ( hacm/ha ) 
fertilizer A B c D E 
level (kg/ha) 52.0 68.0 68.0 80.0 92.0 
0 1,670 1,620 1,970 1,990 2,280 
50 2,710 2,400 3,130 3,220 3,340 
100 3,100 3,020 3,720 3,880 3,850 
150 3,340 3,460 3,110 4,460 4,440 
200 3,270 3,320 4,300 4,270 4,310 
®'A11 plots received 60 kg/ha of PgOc in addition to the 
indicated level of nitrogen. 
Data presented in Informe Anual del Ciane indicate that 
wheat planted after January 20th yields only about 9O.O per­
cent of that planted earlier (44). Thus, the late planting 
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date (January 20) yields are only 90.0 percent of the normal 
and early planting dates. 
Planting date irrigation adjustments are again made 
with the Blaney-Criddle consumptive use formula. Early and 
late planted wheat require 93.0 and 104.0 percent respectively, 
of the normal planting date irrigation levels. 
Oat forage 
Twelve oat forage activities are included in the power 
technology models. The activities are based upon fertilizer 
and water levels used in an experiment conducted in the 
winter of 1967-68 sponsored jointly by the Irrigation and 
Drainage and Agricultural Economics departments at Chapingo. 
Unfortunately, ten times the normal rainfall was recorded 
that winter and the research results are not clear, especially 
when the different irrigation schemes are compared. An 
experiment conducted one year previously recorded yields 
about three times those at the 100 kg nitrogen level suggesting 
that the yield levels as well, may be suspect (44). Regardless, 
the data presented in Table 3.8 from the I967-68 experiment 
are used in the models. 
Harvesting methods include custom, hand cutting and the 
use of a small power mower. Custom charges and time require­
ments for the harvesting and other crop operations are 
presented in Table B.ll, Appendix B. 
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Table 3.8. Oat forage yields in tons of green chop for 
selected water and nitrogen fertilizer levels®' 
Irrigation scheme and net water applied 
Nitrogen (hacm/ha) 
fertilizer A B C D E 
level (kg/ha) 40.8 39.3 46. 8 43.8 49.8 
0 10.38 9. 98 9.75 
50 - 13.13 13.28 
100 19.51 — 23. 39 - 19.02° 
150 - 24.89 25.89 — 
200 30.25 30. 30 30.95 
^All plots received 80 kg/ha of PgOr in addition to the 
indicated level of nitrogen. 
^This water-fertilizer treatment is not included as an 
activity because of its lower yield and higher water require­
ment than treatment C. 
Safflower 
Twenty-seven safflower activities representing three 
planting dates, three nitrogen fertilizer levels and three 
irrigation levels are Included in the power technology 
models. Because no experimental data are available for the 
Laguna Region, Arizona and Mexican data from the state of 
Guanajuato are adopted (26,34). CIANE personnel stated 
that most of the safflower grown in Comarca Lagunera is not 
fertilized. Thus, the average safflower yield for the past 
seven years, 1,770 kg/ha, is used for the no fertilizer and 
highest irrigation level. Table 3.9 presents the yields of 
safflower in kg/ha for the selected fertilizer and Irrigation 
39 
Table 3.9. Safflower yields in kg/ha for selected irriga­
tion and nitrogen fertilizer levels 
Irrigation scheme and net water 
Nitrogen applied (hacm/ha) 
fertilizer ABC 
level (kg/ha) 47.1 70.8 94.2 
0 1 ,910  1 ,805  1,770 
80 3,100 3,130 3,185 
l&O 3,360 3,800 3,980 
levels for the December planting date. 
November planting date yields are 9O.O percent of the 
December yields because of frost damage. The late planting 
date, January, has yields of only 85.0 percent of the normal 
planting date because the summer rains cause excessive 
vegetative growth. 
Irrigation requi 'ments for the different planting dates 
are adjusted using the Blaney-Criddle consumptive use formula. 
The November and January planting dates are 90.0 and 108.0 
percent respectively, of the December planting dates irriga­
tion requirements. 
Grain sorghum 
This study includes 96 grain sorghum activities. The 
activities are differentiated by planting date, length of 
maturity, fertilizer level, irrigation level and number of 
crops. A summary of the activities included in the models, 
a subset of selected and combined planting dates from 
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unpublished CIANE information (39) presented in Table B.22, 
Appendix B, is given in Table 3.10. 
The irrigation levels for the activities presented in 
Table 3.10 are based upon 100.0 percent consumptive use 
requirements. An alternative irrigation level is 65.0 per­
cent of this figure. Also, two alternative nitrogen 
fertilizer levels, 0 and 16O kg/ha, are used in this study. 
The alternative resource levels are based upon research work 
conducted by Painter £t a^. (57) and Musick aj. (55). The 
resource and yield levels used were checked and substantiated 
with Dr. Ramon Fernandez, an irrigation and soil specialist 
at Chapingo. Table 3-11 presents the yield percentages for 
the enterprises given in Table 3.10 for alternative irriga­
tion and nitrogen fertilizer levels. 
When grain sorghum is double cropped, the second crop 
is grown from the stock after it is combined and without a 
stover crop being removed. Stover yields are assumed to 
be 1,000 kg/ha plus O.56 of the grain yield in kg/ha. Only 
the second grain crop of double cropped grain sorghum is 
considered in the calculation. 
Corn 
Seventy-two corn activities are considered in this 
study. Pour planting dates, two maturity lengths, three 
nitrogen fertilizer levels and three Irrigation levels are 
used. Available experimental data for corn parallel that 
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Table 3.10. Planting date, length of maturity, number of 
crops, irrigation level, nitrogen fertilizer 
level and yield per hectare for selected 
grain sorghum activities 
lanting 
date 
month 
Maturity 
length 
days 
No. 
crops 
Irr. 
level^ 
hacm/ha 
Nitrogen 
fert. 
level^ 
kg/has 
Total 
production 
kg/ha 
Mar. 90 1 43.0 80 3,700 
May 90 1 46.1 80 3,300 
June 90 1 43.5 80 4,000 
Mar. 105 1 50.7 80 5,400 
Apr. 105 1 53.5 80 4,950 
June 105 1 49.4 80 4,900 
July 105 1 46.3 80 2,100 
Mar. 120 1 58.4 80 4,000 
Apr. 120 1 60.6 80 4,650 
May 120 1 59.1 80 4,850 
June 120 1 55.5 80 3,100 
Mar. 90 2 96.1 140 8,200 ( 44.0)^ 
Apr, 90 2 95.6 140 8,800 ( 43.2)° 
Mar. 105 2 108.3 l4o 10,200 ( 40.5)^ 
Apr. 105 2 100.5 140 7,250 ( 68.3)(: 
Mar. 120 2 108.9 140 8,050 (49.5)° 
®'One hundred percent of the consumptive use requirements 
less average rainfall. 
^All activities also include 40 kg/ha of PpOc. Activ­
ities with two cuttings have split nitrogen application of 
80 and 60 kg/ha. 
^Percent of total grain production from first cutting. 
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Table 3.11. Percentage yields of grain sorghum enterprises 
given in Table 3.10 for alternative Irrigation 
and nitrogen fertilizer levels 
Nitrogen 
fertilizer Percent of 
level consumptive use requirements 
kg/ha 55TÔ ÎÔD7S 
0 60.0 62.0 
(140)& 100 .0  
160 (280)& 105.0 113.0 
a 
Nitrogen level of double cropped grain sorghum. 
for grain sorghum. Yields for both 90 and 120 day varieties 
receiving 80 kg/ha of nitrogen provided by CIANE personnel 
(39) are presented in Table B.23, Append:!:: B. The net 
irrigation levels for the consolidated CIANE data presented 
in Table 3.12 are calculated using the Blaney-Criddle con­
sumptive use formula. 
The relative yields for two additional nitrogen 
fertilizer levels, 0 and I60 kg/ha, and two alternative 
irrigation levels are given in Table 3.13. An experiment 
conducted by Fernandez and Laird (25) is used as the basis 
for the additional resource levels along with the wheat 
experiment sighted earlier. Dr. Ramon Fernandez again 
checked the results of the transformations. 
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Table 3.12. Planting date, length of season, fertilizer 
level, irrigation level and yield for corn 
Net Fertilizer 
Planting irrigation level 
date Maturity level®- N-P-K Yield 
month days hacm/ha kg/ha kg/ha 
Apr. 90 41.6 80-40-0 3,820 
May 90 41.7 80-40-0 4,500 
June 90 39.4 80-40-0 4,270 
July 90 36.1 80-40-0 3,370 
Apr. 120 55.3 80-40-0 6,170 
May 120 53.6 80-40-0 5,100 
June 120 50.1 80-40-0 6,500 
July 120 45.8 80-40-0 5,840 
^-One hundred percent of the consumptive use requirement 
less average rainfall. 
Table 3.13. Yield percentages of corn activities in Table 
3.12 for selected nitrogen fertilizer and 
irrigation levels 
Nitrogen 
fertilizer 
level Percentage consumptive use of water 
kg/ha imro 5ÏÏ70 
0 56.0 34.0 31.0 
80 100.0 100.0 76.0 
160 118.0 110.0 102.0 
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Alfalfa 
The two alfalfa activities included represent stands 
maintained two and three years. Yields of 97.0, 78.0 and 
50.0 tons per hectare of green chop are used for stands one, 
two and three years old, respectively. Thus, alfalfa 
maintained two years averages 87.5 tons and three year 
alfalfa 75.0 tons per hectare. Water requirements are based 
upon consumptive use data and the irrigation schedule is 
given in Table B.8, Appendix B. 
Table 3.14 gives the monthly distribution of alfalfa 
production based upon a study in central Mexico (15). Three 
methods of harvest, hand cutting, small power mower cutting 
and custom are available for the mechanized and animal power 
technologies. Only custom harvesting is available for the 
custom power technology. 
Table 3.14. Monthly percentage of annual alfalfa production 
Month % Month ^ 
Jan. 0.0 July 12.9 
Feb. 13.3 Aug. 0.0 
Mar. 12.4 Sept. 8.3 
Apr. 10.3 Oct. 12.1 
May 6.8 Nov. 7.7 
June 8.1 Dec. 8.1 
45 
Grapes 
Mexico currently has a surplus grape production and 
1975 projections indicate that the surplus is going to in­
crease (46). Moderate increases in grape hectareage in the 
Laguna Region suggest that the opportunity cost of this crop 
should be explored. Data from the Banco Agrarlo de la 
Laguna are used to build the technical coefficients for an 
established vineyard activity (8). Water requirements are 
estimated with consumptive use data from Arizona (23). 
Pecans 
An established pec^n orchard activity is included 
because one of the agricultural banks in Torreon is pushing 
this crop. The established pecan activity assumes no inter­
cropping and because little Mexican information is available 
technical data are developed from United States sources (18, 
35). Water requirements are developed from New Mexico 
consumptive use data (13). 
Sudan and sorghum forage 
Because two dairy activities are Included in some of 
the models additional forage crops are considered. Yield 
data for sudan and sorghum forage are available from 
research reported in the CIANE Annual Report (44). It is 
assumed that the first of two cuttings yields 46.0 and 
4l.O percent of the total production of sudan and sorghum 
forage respectively, and that the green chopped forage is 
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only custom harvested. Seasonal consumptive water use 
requirements are developed from Arizona data (23). 
Strawberries 
Limited research has been conducted on strawberries 
as an alternative crop in Comarca Lagunera. Their high 
labor requirements in the winter harvest season suggests 
that they may help reduce the labor under employment in the 
Laguna Region. Also, their high income per hectare may hold 
promise for regional income improvement. Much of the technical 
data are taken from Conklin (l8) and Kuhlman (35) and yields 
typical of Mexico's major production area near Torreon are 
used. These yields, however, are only about 60.0 percent 
of current California yields (7). Because strawberries are 
shallow rooted as many as four irrigations per month are 
required and a total of 30 irrigations are applied throughout 
the year. 
Crop production input prices 
Application level and prices of seed, insecticides and 
other production inputs are listed in Table 3.15. Seeding 
rates are those recommended by CIANE personnel as are most 
of the pest control recommendations (41,42,45,62). Pecan 
pest control measures are based upon Arkansas data (24). 
The pest control measures for strawberries are based on data 
from Conklin (l8). 
Fertilizer levels for the various crop activities are 
Table 3.15. Rates of application and costs per unit and per hectare of seed, 
pest control and other crop production inputs by crop 
Application Cost 
or planting per Total 
rate unit Application costs 
Crop Input units/ha $/unlt No. $/app. $/ha 
Cotton Seed 35 kg 4 .00 40.00 
Sevin-10^, Parathion 
Etilico-2# 23 kg 4 .60 6 20. 00 672.00 
BHC-3^, DDT-15^, 
.60 Azufre-40^ 23 kg 4 2 20. 00 251.60 
Metasytox 1 lit 63 .00 1 20. 00 83.00 
Gusation-4^, Polidol-4^ 23 lit 4 .10 2 20. 00 228.60 
Wheat Seed 110 kg 1 .65 181.50 
Parathion-2^ 14 kg 1 .25 1 11. 90 29.40 
Corn Seed 16 kg 2 .75 44.00 
Sevin-10^, Parathion 
Etilico-2^ 10 kg 4 .00 2 8. 50 97.00 
Grain sorghum^ Seed 10 kg 4 .00 40.00 
Sevin-10^, Parathion 
Etllico-2$ 10 kg 4 .00 2 8. 50 97.00 
Safflower Seed 20 kg 4 o
 
o
 
80.00 
Alfalfa Seed 35 kg 12 .50 437.50 
Inoculant 12.50 
Malation-50^ 1 lit 25 .00 2 20. 00 90.00 
^Double cropped grain sorghum would receive four insecticide applications. 
Table 3.15. (Continued) 
Application Cost 
or planting per Total 
rate unit Application costs 
Crop Input units/ha $/unit No. $/app $/ha 
Oat forage Seed 90 kg 1.75 157.50 
Pecans Metasytox 1 lit 63.00 
(Established) Malathlon-50^ 1 lit 25.00 3 20.00 325.00 
Sudan forage Seed 10 kg 4.00 40.00 
Malation-50^ 1 lit 25.00 2 20.00 90.00 
Forage sorghum Seed 10 kg 4.00 40.00 
Malatlon-50^ 1 lit 25.00 2 20.00 90.00 
Grapes Sevln-10^ 7 kg 3.42 2 20.00 87.88 
(Established) Sevln-10^., Parathlon 
Etlllco-2# 7 kg 4.00 3 20.00 144.00 
Azufre 7 kg 1.00 5 20.00 135.00 
Replacement plants 110 plants i 1.90 209.00 
Posts 60 2.60 156,00 
Wire 28 kg 3.60 100.80 
Staples 1 kg 4.00 4.00 
Picking boxes--table 360 3.25 1,170.00 
--wine 22 11.00 242.00 
Strawberries Plants 80,000 0,05 4,000.00 
Metasytox 0.5 lit 63.00 2 20.00 103.00 
Pollsulfur'o 10 kg 12.00 1 20.00 140.00 
Picking boxes 120 3.00 360.00 
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given in Table B.l, Appendix B. The costs for the fertilizer 
elements, tractor fuel and oil, animal team feed and other 
miscellaneous inputs are given in Table 3.16. Water is not 
included because the current pricing policy is based upon 
hectares cultivated rather than water used. This rate is 
about $105.00 per hectare. 
Table 3.16. Prices of fertilizer elements, tractor fuel, 
and other miscellaneous Inputs 
Input Price 
Fertilizer 
N  $ 3 . 5 0 / . ;  
P2O5 2.55/kg 
KgO 1.60/kg 
Tractor operation 
Fuel 10 lit/hr at $0.40/lit 4.00 
Oil 0.12 lit/hr at $5.00/lit .60 
Grease 0.10 kg/hr at $4.00/kg .^0 
Total 5.00/hr 
Animal team feed costs 0.50/hr 
Hired labor 1.50/hr 
Crop product prices 
Most of the crop product prices used in the study are 
based upon the five year average rural price in Comarca 
Lagunera as reported by SRH (51). The crop year prices, 
the five year average prices and the prices used in the 
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study are given in Table 3-17. The sudan forage and forage 
sorghum prices are based upon the relative digestable protein 
content with respect to oat forage. The strawberry price is 
from the state of Jalisco while United States data are used 
for the pecan price (l). The stover price is estimated and 
intended to do little more than cover the costs of removal. 
When dairy enterprises are included in the models, all 
roughage prices are determined within the program and no 
forage or stover is sold. 
Livestock Enterprises 
Two dairy enterprises, a 30 and a 120 cow herd, are 
Included when the power technology models are expanded to 
include livestock. Table 3.18 shows the investment, 
expenses, income, labor and power requirements and livestock 
inventory for the two dairy enterprises. 
The larger dairy enterprise has relatively higher 
capital Investment but cash expenses are relatively lower 
when compared to the 30 cow herd. Labor requirements per 
cow are 6.5 and 7.5 hours for the 30 and 120 cow herds 
respectively. The cows in the smaller herd average only 
75.0 percent of the production of the 120 cow herd and both 
enterprises expect four lactations per cow. Data for the 
dairy enterprises are based upon a 1967 dairy farm survey 
conducted in the Laguna Region (60). 
Table 3.17. Rural crop rrices by production years, five year average and the price 
used In the itudy 
Production year 5 . Price 
62-63 63-64 64-65 65-66 66-67 aver, used $/T 
Cotton 3, 100 2, 145 2, 250 2, 295 2, 500 2, 458 2, 500 
Wheat 950 915 915 905 855 909 900 
Corn 78O1 810 810 800 825 805 800 
Grain sorghum _a 435 725 640 675 620 620 
Safflower 1, 125 950 1, 100 1; 285 1, 300 1, 151 1, 150 
Oat forage (green chop) 70 70 70 70 63 69 65 
Alfalfa (green chop) ^ 100 90a 40 60 68 
_a 
70 
Sudan forage (green chop) _a-
_a 
_a 
_a 
_a 60 
Forage sorghum (green chop)*^ _a- _a _a 50 
Grapes 1, 435 1, 455 1, 000 1. 000 1, 000 1, 178 1. 000 
Strawberries*^ 1, 400 1, 600^ 1, 550 1, 450» 1. 500 1, 500 1 
— J 500 
Pecans^ _a _a 
_a 
_a 5, 500 
Corn and sorghum stover® la _a _a _a _a 20 
^No data available. 
^Based upon relative dlgestable protein content with respect to oat forage. 
^Strawberry price In the state of Jalisco. 
^Based upon United States data (l). 
^Estimated price. 
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Table 3.18. Investment, expenses, power and labor require­
ments, Incomes production and livestock 
inventory for a 30 and 120 cow herd 
30 cow herd 120 cow herd 
Capital investment 
Buildings 
Cows 
Calves and heifers 
Equipment 
Livestock 
Cows f|5,000/head ' 
Heifers ({>3,000/head 
Calves ($1,400/head, 
Total 
Noncash expenses 
Interest on investment (10^) 
Depreciation 
Buildings (20 yrs--St. Line) 
Equipment (5 yrs--St. Line) 
Total 
Cash expenses 
Repairs--buildings & equipment 
Breeding fees ($300.00/cow) 
Supplies fé5.00/cov;/month) 
($Y,00/cow/month) 
Vet ($5.00/cov;/month) 
Medicine ($10.00/cow/month) 
Milk transportation 
Overhead power costs^ 
Misc. (calf starter, salt, etc.) 
Total 
Labor requirements 
Milking and overhead labor but not 
feeding labor (hrs/mo/cow)" 
Milk Lx-ansportation (hrs/day) 
8,000.00 
2,000.00 
12,000.00 
150,000.00 
24,000.00 
12,600.00 
20,860.00 
500.00 
2,200.00 
23,560.00 
550.00 
9,000.00 
1,800.00 
1,800.00 
3,600.00 
5,475.00 
40.00 
1,908.00 
24,173.00 
7.5 
0 . 8  
60,000.00 
10,000.00 
90,000.00 
600,000.00 
99,000.00 
49,000.00 
208,600.00 908,000.00 
90,800.00 
3,500.00 
18,000.00 
112,300.00 
4,000.00 
36,000.00 
10,080.00 
7,200.00 
14,400.00 
10,950.00 
120.00 
7,192.00 
89,942.00 
6.5 
1 . 0  
apower costs when animals instead of tractors are used 
are $10.00 and $30.00 for the 30 and 120 cow herds, respec­
tively. .VJhen animal power is used fixed costs for the ani­
mals of $180.00 are also included. 
^Labor requirements for feeding are given in Table 
3.22 and are a function of the feeds fed. 
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Table 3.18.(Continued) 
30 cow herd 120 cow herd 
Power requirements 
Overhead but not feeding^ 
Tractor 8.0 24.0 
Animal 10.0 30.0 
Income 
Livestock sales 
Bull calves (ÈlOO.OO/head) 1,400.00 5,400.00 
Heifer calves |200.00/head) 800.00 3,800.00 
Cull cows ($l,400/head) 9,800.00 40,600.00 
Total ($) 12,000.00 49,800.00 
Milk sales 
Production/cow/day (liters) 15.O 20,0 
Price/liter ($/liter) 1.22 1.22 
Production/month (^ of yearly-
production) 
January 8.8 8.8 
February 8.0 8.0 
March 8.8 8.8 
April 8.4 8.4 
May 8.4 8.4 
June 8.2 8.2 
July 8.4 8.4 
August 8.1 8.1 
September 8.0 8.0 
October 8.1 8.1 
November 8.2 8.2 
December 8.6 8.6 
Total production 
Liters 164,250 876,000 
Total milk value ($) 200,385.00 1,068,720.00 
Power requirements use the tractor only in the 
machanized farmer owned technology. 
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Table 3.18. (Continued) 
30 cow herd 120 cow herd 
Livestock inventory 
Cows 22 88 
Heifers (milking) 8 32 
Yearly calf crop (90^) 27 108 
Bull calves sold l4 54 
Heifer calves sold 4 19 
Heifer calves kept 9 35 
Cows culled yearly 7 29 
Cow death losses 1 3 
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Peed requirements for both dairy enterprises are based 
upon daily dairy cattle nutritional requirements as reported 
by the National Research Council (56). The various weight 
and production classes are combined into three groups in 
Table 3.19 based upon the digestible protein--total digest­
ible nutrients ratio on the assumption that protein is the 
most expensive nutrient. Also presented are the days an 
animal is on each ration and the number of animals by herd 
size that utilize a given ration each year. 
Table 3-20 presents the nutritional requirement of the 
selected dairy weight and production rations in each group 
ration and the "ration factor" which converts all rations 
in a given group to a standard ration. Thus, ration two in 
group A is 116.7 percent of ration one or I.I67 times the 
dally requirements of ration one will satisfy ration two. 
Table 3.21 presents the group ration requirements for 
both dairy activities. Two other requirements not listed 
in this table but used in the livestock models are: (l) a 
minimum molasses level of two percent of the TDN require­
ment to insure a palatable ration and (2) a maximum molasses 
level of 25.0 percent of the TDN requirement. Dry matter is 
a maximum restriction while DP, TDN, Ca and P are all minimum 
requirements. 
The nutrients supplied by the various alternative feed 
sources are presented in Table 3.22. These values are 
Table 3.19. Classification of dairy growth, reproduction and lactation rations 
into three groups by DP/TDN ratio and the number of animals in each 
ration by herd size 
Animals on 
ration Time on Animal Daily 
each year ration wt ration 
Ration 30 120 days/an kg DP/TDN group Comments 
1 9 35 46 75 1.60 A Growth 
2 9 35 77 100 1.47 A Growth 
3 9 35 72 150 1.25 B Growth 
4 9 35 72 200 1.21 B Growth 
5 9 35 77 250 1.13 B Growth 
6 8 33 89 300 1.00 C Growth 
7 8 33 79 350 0.93 C Growth 
8 8 33 84 400 0.92 C Growth 
9 8 33 44 450 0.93 C Growth 
10 15 57 60 450 0.93 C Growth and reproduction 
11-15 15 305 500 1.17 B Growth and lactation 
15 lit/day 
11-20 57 0
 
0
 
1.20 B Growth and lactation 
60 600 
20 lit/day 
12 8 32 0.93 C Growth and reproduction 
13-15 8 305 600 1.17 B Growth and lactation 
600 
15 lit/day 
13-20 32 1.20 B Growth and lactation 
60 
20 lit/day 
14 7 31 700 0.90 C Maintenance and reproduc­
tion 
15-15 7 305 700 1.15 B Maintenance and lactation 
15 lit/day 
15-20 31 700 1.19 B Maintenance and lactation 
20 lit/day 
Table 3.20. Dairy class rations classified into group rations 
Dry 
Ration Ration Ration matter DP TDN Ca P 
group no. factor kg gm kg gm gm 
1 1.000 2.0 240 1.50 8.0 6.0 
2 1.167 2.33 280 1.90 9.6 8.4 
3 1.000 4.66 320 2.55 12.0 11.0 
4 1.188 5.54 320 3.15 13.0 12.0 
5 1.250 5.83 400 3.55 14.0 13.0 
11-15 3.235 15.09 1095 9.38 49.0 39.0 
11-20 3.910 18.23 1310 10.90 60.0 47.0 
13-15 3.425 16.09 1115 9.58 49.0 39.0 
13-20 4.097 19.10 1330 11.10 60.0 47.0 
15-15 3.485 16.25 1035 8 .98 51.0 42.0 
15-20 4.157 19.40 1250 10.50 62.0 50.0 
6 1.000 9.70 410 4.10 15.0 14.0 
7 1.013 9.73 415 4.50 16.0 15.0 
8 1.025 9.94 420 4.60 16.0 15.0 
9 1.061 10.29 435 4.70 16.0 15.0 
10 1.757 17.. 04 710 7.70 29.0 26.0 
12 1.732 16.80 770 8.30 31.0 28.0 
14 1.879 18.23 720 8.00 34.0 32.0 
Table 3.21. Annual group ration requirements by cow herd size 
30 cow herd 120 cow herd 
Nutritional 1 group ration group ration 
requirement unit A B C A B C 
DM T 2 .445 153 .228 54. 479 9.510 727.655 221 .053 
TDN T 1 .993 94 .041 25. 639 7.751 446.586 104 .032 
DP T 0 .293 10 .522 2. 303 l.l4l 49.968 9 .343 
Ca Kg 10 .148 521 .173 109. 014 39.470 2,474,963 422 .334 
P Kg 8 o
n
 0
 
CO 
426 .803 102. 612 34.240 2,026.815 4l6 .355 
Table 3.22. Feeds, their relative dry matter, total digestible nutrients, 
digestible protein,  calcium and phosphorus content  and purchase 
price 
DM TDN DP Ca P Cost 
Peed #  #  #  .01# .01#:  &/rP 
Bonemeal 
Cottonseed oilmeal (aolv) 
Safflovjer oilmeal 
(w/hulls--solv) 
Cane molasses 
Corn stover®" 
Corn and cobbmeal 
Oat silage 
Sorghum stover^ 
Sorghum grain 
Alfalfa-green chopped 
Forage sorghum silage 
Sudan forage silage 
Alfalfa hay 
Purchased grain sorghum 
95.0  0 .0  0 .0  30.00 13.90 
91.0  64.0 33.7 0.15 1.10 
92.0  52.0 17.2 0.00 0.00 
74.0 67.0  1.7 0.66 0.08 
87.0  24.0 C.8  0.40 0.07 
86.0  V3.0 5.3 0.04 0.22 
32.0  19.0  1.8 0.12 0.10 
92.0  23.0  0 .8  0.37 0.10 
89.0  84.0 8.6 0.00 0.00 
22.5  14.3 3.6  0.53 0.07 
25.0  17.0 0.7 0.08 0.05 
26.0  14.0 1.5 0.11 0.04 
90.0  52.0 11.4 1.12 0.21 
89.0  84.0 8.6 0.00 0.00 
200.04 
1,500.00 
700.80 
348.00 
lb 
_b 
_b 
_b 
_b 
_b 
_b 
364.80 
630.00 
^TDN and DP values are half of those reported anc. no 
for lactatlng cows.  
used as feed source 
^Farm grown feeds. 
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taken from Feeds and Feeding by Morrison ($4) and the National 
Academy of Science publication cited earlier (56). The TDN 
and DP values for corn and sorghum stover have been reduced 
to conform with the opinion of a nutritional expert con­
sulted and stover is not fed in the location ration. 
Table 3.23 presents a summary of the power, labor and 
capital requirements to feed the various grains, roughages 
and other feedstuffs. It is assumed that the custom power 
technology will utilize an animal team and therefore use 
the animal power technology coefficients. It is also assumed 
that the majority of the feeding will utilize hand labor 
rather than machines. 
The models which include the dairy activities have a 
dairy number restriction. This restriction allows not more 
than five hundred 120 cow units or an equivalent investment 
in 30 cow dairys. 
Resource Supply, Crop Selling and Harvesting 
and Other Activities 
The general model includes activities which provide 
unlimited supplies of monthly hired labor, capital and power. 
The type of the last resource is dependent upon the power 
technology model. The intermonth transfers of income and/or 
initial capital and water resources are also provided with 
monthly activities. 
Crop selling and harvesting activities and their 
Table 3-23. Power, capital and labor requirements for feeding ten tons of 
selected feeds by power technology®-
Mechanized power technology Animal power technology 
labor power capital labor power capital 
Peed hrs/lOT hrs/lOT $/10T hrs/lOT hrs/lOT $/10T 
Bonemeal 9. 5 9.6 48.00 18,0 7.2 7.20 
Cottonseed oilmeal 
(solv) 9. 6 9.6 48.00 18,0 7.2 7.20 
Safflower oilmeal 
(w/hulls-solv) 9. 6 9.6 48.00 18.0 7.2 7.20 
Cane molasses 24. 0 24.0 120.00 24.0 24.0 24.00 
Corn stover 13. 2 6.0 30.00 13.2 6.0 6.00) 
Corn and cobbmeal 20. 4 20.4 102.00 18.0 7.2 487.20% 
Oat silage 12. 0 6.0 30.00 12.0 6.0 30.00 
Sorghum stover 13. 2 6.0 30.00 13.2 6.0 6.00 
Grain sorghum 15. 6 15.6 78.00 18.0 7.2 487.20° 
Alfalfa-green chopped 4. 8 2.4 12.00 2.4 2.4 2.40 
Forage sorghum silage 12. 0 6.0 30.00 12.0 6.0 6.00 
Sudan forage silage 12. 0 6.0 30.00 12.0 6.0 6.00 
Alfalfa hay 12. 0 6.0 30.00 12.0 6.0 6.00 
Purchased grain sorghum 15. 6 15.6 78.00 18.0 7.2 487.20b 
^Custom power technology assumes an animal team for feeding. 
^Custom ground at $46.00/T. 
62 
associated transfer rows are Included for cotton, wheat, 
safflower, grain sorghum, corn, oat forage, forage sorghum 
and Sudan forage. The number of activities for each crop 
Is dependent upon the number of different months in which 
the crop is sold, stover harvested or the number of different 
methods of forage harvest. 
A water pricing activity and its associated row, a family 
units activity and row and an income restriction equality 
complete the general model. The water pricing activity and 
row are only used when the general model is modified to 
consider the normative demand for water. The family units 
activity and row allows for the variation of the minimum 
monthly income requirement as the number of families changes 
when the general model is converted from the individual 
ejldatario to the ejldal sector. The Income equality restric­
tions is used when the general model is modified to estimate 
the resource requirements for selected Income levels. 
Restriction and Activity Summary 
Tables 3.24 and 3.25 present a summary of the activities, 
restrictions and transfer rows for the general models. Foot­
notes indicate which activities and rows are used only in 
special situations. The following section will outline the 
modifications of the general models and present a brief 
summary profile of the results chapters which follow. 
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Table 3.24. List of activities of the general model appli­
cable to all power technologies 
Activity What Comments 
1-60 cotton production activities 
61-135 wheat production activities 
136-147 oat forage production activities 
148-174 safflower production activities 
175-270 grain sorghum production activities 
271-342 corn production activities 
343-344 alfalfa production activities 
345 forage sorghum production activity 
346 Sudan forage production activity 
347 grapes production and selling activity 
348 pecans production and selling activity 
349 strawberries production and selling activity 
350-361 hired labor monthly supply activities 
362-373 credit monthly supply activities 
374-385 capital monthly transfer activities 
386-397 water monthly transfer activities 
398-409 power monthly supply activities 
4lO-4l2 cotton selling activities 
413-4i4 wheat selling activities 
415 oat forage selling activity 
4i6-421 grain sorghum selling activities 
422-427 grain sorghum 
stover selling activities 
428-432 corn selling activities 
433-437 corn stover selling activities 
438-440 safflower selling activities 
44l alfalfa selling activity 
442-444 oat forage harvesting methods activities 
445-449 corn stover harvesting activities 
450-455 grain sorghum 
stover harvesting activities 
456-458 alfalfa harvesting methods activities 
459 forage sorghum harvesting activity 
460 Sudan forage harvesting activity 
461 forage sorghum selling activity 
462 Sudan forage selling activity 
463 family unit monthly income requirement 
464 water& , pricing activity 
465-504 feedstuffs^ dairy ration activities 
505-506 dairy" production and selling activities 
&Used only for parametric water pricing. 
^Used only for models which include dairy activities. 
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Table 3.25 List of restrictions or transfer rows of the 
general model applicable to all power tech­
nologies 
Restriction 
or transfer 
row What Comments 
1 land annual resource restrictions 
2-13 labor monthly resource restrictions 
14-25 capital monthly resource restrictions 
26-37 credit monthly resource restrictions 
38-49 water monthly resource restrictions 
50 water annual resource restrictions 
51-62 power monthly resource restrictions 
63-65 cotton transfer row 
66-67 wheat transfer row 
68 oat forage transfer row 
69-74 grain sorghum grain transfer row 
75-80 grain sorghum 
stover stover transfer row 
81-85 corn grain transfer row 
86-90 corn stover stover transfer row 
91-93 safflower transfer row 
94 oat forage transfer row 
95 oat forage harvesting transfer row 
96 forage sorghum transfer row 
97 Sudan forage transfer row 
98-102 corn stover harvest transfer row 
103-108 grain sorghum 
stover harvest transfer row 
109 alfalfa harvest transfer row 
110 forage sorghum harvest transfer row 
111 Sudan forage harvest transfer row 
112 annual income®- equality restriction 
113 family units equality restriction 
114 water" pricing equality 
115-121 growing ration^ nutritional restrictions 
122-128 lactating ration^ nutritional restrictions 
129-135 dry cow ration^ nutritional restrictions 
136 dairy numbers^ investment capital restriction 
^Used for parametric income levels and associated 
resource requirements determination only. 
bused only for parametric water pricing. 
^Used only for models which include dairy activities. 
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Profile of Results 
Chapters IV through XII present the detailed results of 
this study. The first four results chapters consider the 
optimum resource allocation and enterprise combination for 
the ejldatarlo or the ejldal sector of the Laguna Region. 
The middle chapter considers the sensitivity of product 
prices. The final four results chapters consider resource 
demand and allocation. 
Maximum net farm Income of the individual ejldatarlo 
under current resource supplies is presented in Chapter IV. 
The three power technology general models all indicate that a 
cotton monoculture is optimum and that water is the most 
critical resource. Modifications of the general models con­
sider: (l) the influence of reducing the price of cotton 
20.0 percent, (2) using only family and operator labor, (3) 
the income potential when irrigation water is unlimited and 
(4) the optimum crop combination when the relative produc­
tivity of corn is increased by 15.0 percent. 
Comparisons of the three power technologies are made for 
the individual ejldatarlo in this chapter. Comparisons for 
the ejldal sector of the Laguna Region are made in Chapter 
VI. In both cases the advantage or disadvantage of any power 
technology is dependent upon the assumptions of how many 
ejldatarios share the respective power units. 
Chapter V examines the resource base necessary to gen­
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erate selected ejldatarlo Income levels. Income levels of 
5, 10 and 15 thousand pesos above the $3,600 minimum income 
allowance are considered for each power technology. A 
cotton monoculture is maintained regardless of income level 
and power technology and irrigation water supply increases 
are the basic changes as the income level is raised. 
Optimum resource use and enterprise combinations for the 
ejidal sector of the Laguna Region are presented in Chapter 
VI. The three power technologies all maintain a cotton 
monoculture and water remains the critical resource when the 
analysis is expanded to a regional scope. Four supplemental 
models Included in this chapter consider: (l) the influence 
of no hired labor being available after production plans have 
been made, (2) the influence of no hired labor being available 
before production plans are made, (3) the adoptation of the 
experimental production technology level and (4) the impli­
cation of a 15.0 percent cotton yield decrease. 
Dairy is the only livestock considered in the study and 
their influence is examined in Chapter VII. On a regional 
basis, the three power technologies maintain their cotton 
monoculture while adding the maximum number of dairies, five 
hundred 120 cow herds. The three rations computed in the 
models are all composed of purchased grain and roughage. 
The five hundred dairy units raise the regional net farm 
Income from 85.0 to 96.0 percent, depending upon the power 
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technology considered. Additional models consider purchased 
feed price changes and their respective ration changes. 
Product price changes required for production changes 
are examined in Chapter VIII. Using the vector of current 
prices as a base, the price of cotton would have to decline 
about 8.0 percent before corn would enter the optimum crop 
combination. On the other hand, the price of corn would 
need to Increase from $800 to $870 per ton before it would 
start to compete with cotton. Grapes, strawberries, grain 
sorghum and safflower, in that order, would compete with 
cotton with price increases of less than 100.0 percent. All 
other crops would require larger price increases to be com­
petitive . 
Chapter XII considers the allocation and demand of 
capital. In general this Is the second most limiting 
resource. Depending upon the assumptions with respect to 
interyear capital transfers, the marginal value product of 
capital ranges between $0.30 and $0.60 for decreasing supply-
levels. As the supply of capital is decreased the ejidal 
sector of the Laguna Region would be expected to move from a 
cotton monoculture to cotton and corn, to cotton, corn and 
graphes, and finally to a crop combination which would also 
Include strawberries. 
Chapter IX considers the demand and allocation of water. 
The normative demand function of water maintains a cotton 
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monoculture, however, the cotton activity cultivated changes 
as the price of water increases. For water prices of less 
than $6.00/hacm cotton production per unit of land is maxi­
mized. Above $30=00/hacm cotton production per unit of water 
is maximized. Production is terminated when the price of 
water is greater than $44.00/hacm. 
The maintenance of water in Cardenas Dam as crop insur­
ance is relatively expensive. Annual storage losses to 
maintain one years water requirements are $27 million pesos 
or nearly ten percent of the regional net farm income. 
The demand and allocation of power services is examined 
in Chapter X. The custom power technology is used in the 
analysis. When the supply of power services is less than 
l40 thousand month hours, a combination of strawberries, corn 
and cotton are grown. Between l40 and l80 thousand month 
hours the supply is still restricting and the resulting 
enterprise combination Includes both cotton and corn. Only 
when the supply of power is not limited does the cotton 
monoculture appear. The results suggest that the Banco 
EJidal may have a set of conflicting goals when it provides 
both power services and credit. 
Hired labor demand and allocation is considered in 
Chapter XI. The price of hired labor could increase from 
$1.50 to about $3.60 per hour and maintain the cotton 
monoculture when the price of cotton is $2,500. When the 
69 
dairy enterprises are also considered, the price of hired 
labor could increase about an additional 15.O percent with­
out changing the production pattern. 
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CHAPTER IV. OPTIMUM EJIDATARIO RESOURCE USE 
AND ENTERPRISE COMBINATIONS 
Optimum enterprise combination and resource use by the 
ejldatario for the three power technologies are explored in 
this chapter. Farm level resource supplies as defined in 
Chapter III are used and current product and factor prices 
are assumed. A comparison of the power technologies is made 
after the optimum enterprise combinations and their resource 
use are described. Models modifying resource supplies, 
prices and production technology are considered in the latter 
part of this chapter. 
Analysis by Power Technology 
Mechanized power technology 
Cotton is the only crop cultivated in the optimum solu­
tion of the mechanized power technology model and it produces 
a net farm income of $9,673. This enterprise combination 
uses 80.4 hours of September hired labor but family and 
operator labor are in surplus in all other months. Family 
and operator labor have a marginal value product or shadow 
price of $1.53 in September, the principal cotton harvesting 
month. In total, less than 20.0 percent of the total annual 
labor supply is demanded. 
The 1.13 hectares of cotton grown (cotton activity 53) 
are planted in April, the normal planting season, and l60 
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kg/ha of nitrogen fertilizer are applied. The mechanized 
power technology requires a peak of $5^535 of credit. This 
peak demand occurs in October before November cotton sales. 
Power requirements total only 24.2 hours annually. The 
monthly maximum is 5.6 hours in April, the planting month. 
This suggests that a single tractor would meet the needs of 
most ejldal societies assuming a size of from 35 to 50 
ejidatarios. Table 4.1 summarizes the characteristics of 
this and the other power technologies and assumption modifica­
tion models considered in this chapter. 
Custom power technology 
The custom power technology results are similar to those 
for the mechanized power technology. A cotton monoculture 
gives the maximum net farm income, $9,01$, when the price of 
cotton is $2,500 per ton. 
Family and operator labor supplies are supplemented with 
80.4 hours of hired labor in September. The marginal value 
product or shadow price of September family and operator 
labor is $1.53 per hour. This is the wage rate plus interest 
charges for two months. Annually, 6o4.3 hours of family and 
operator labor are used or only about 18.0 percent of the 
total supply. 
This model requires $6,l47 of credit in October, the 
peak credit demand month. Annual interest costs are $289 or 
about 3.2 percent of the net farm income of the model. The 
Table 4.1. Selected characteristics of optimum solutions for models with farm 
level resource supplies by power technology and selected assumption 
modification models 
Characteristic 4.1 4.2 4.3 
Model 
4.4 4.5 4.6 4.7 
Power technology Mech. Custom Animal Animal Animal Animal Custom 
Cotton price $/T 2,500 2,500 2,500 2,000 2,500 2,500 2,500 
Hired labor 
available yes yes yes yes no yes yes 
Water supply hacm 233.9 233.9 233.9 233.9 233.9 unlim.^ 233.9 
Corn production 
technology Parmer Farmer Farmer Farmer Farmer Farmer Exper. 
Net farm income $ 9,673 9,019 9,392 7,868 9,186 23,248 9,194 
Crops cultivated 
cotton-53 
corn-330 
has 
has 
1.13 
0.00 
1.13 
0.00 
1.13 
0.00 
0.00 
2.15 
0.900 
0.43 
4.00 
0.00 
0.17 
1.87 
Hired labor 
September 
October 
hrs 
hrs 
80.4 
0 .0  
80.4 
0 .0  
80.4 
0.0 
0.0 
4.1 
0.0 1, 
0.0 
118.4 
0.0 
0.0 
0.0 
October credit $ 5,535 6,147 5,812 5,094 5,569 15,253 6,138 
^'Actual water required to be stored 18 828.3 hectare -centimeters. 
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1.13 hectares of cotton produces $.1 tons of cotton and uses 
24.2 hours of custom power services. 
Animal power technology 
The profit maximization solution for the animal power 
technology model parallels that of the two previous models. 
The 1.13 hectares of cotton yields 5,I metric tons of cotton 
which produces a net farm income of $9,392. 
Family and operator labor is only limited in September 
during the cotton picking season and 80.4 hours of September 
hired labor are employed. Annually, only 20.0 percent of the 
operator and family labor is used and only in May and August 
(in addition to September) is more than 20.0 percent of the 
family and operator labor supply employed. 
This enterprise combination requires a maximum of $5>8l2 
of credit in October and 8.6 hours of custom power services 
are used in addition to the 88.2 hours of mule power supplied 
by the farmer. An eight percent increase in the price of 
corn or a nine percent decrease in the cotton price will see 
corn enter the optimum solution. 
The Influence of Fixed Costs 
Knowledge of fixed costs is required if comparisons of 
the three power technologies are to be made. Fixed costs, 
however, are a function of the number of ejldatarios sharing 
the machinery and equipment. The number who can share a 
given set of machinery is in turn a function of the crops 
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grown. Chapter III states that the total fixed costs per 
power unit (tractor or animal team and associated machinery) 
are $21,28$ and $2,4l4 for the mechanized and animal power 
technologies respectively. To make comparisons, the average 
fixed costs per ejidatario are computed in percentage terms. 
For example, if four farmers share the fixed costs of an 
animal power unit they would each pay 25.0 percent of the 
total fixed costs or $604. Likewise, if 25 ejidatarios share 
a mechanized power unit they would each pay four percent or 
$851. The custom power technology does not have any fixed 
costs unique to its power technology, therefore its fixed 
costs are zero. 
The influence of fixed costs for the three power tech­
nology models presented is shown in Figure 4.1. The vertical 
axis shows the net farm revenue (net farm income less fixed 
costs). The percentage of total fixed costs borne by the 
individual ejidatario is the horizontal axis. The custom 
power technology relationship is horizontal at $9,018, its 
net farm income, because it has no unique fixed costs. The 
animal and mechanized power technologies start at their net 
farm incomes and decline as they bear a larger percent of 
the fixed costs. 
Under the assumptions of the first three models of this 
chapter the mechanized power technology has the largest net 
farm revenue when it bears less than 1.5 percent of a power 
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Net farm revenue 
($) 
Mechanized power 
technology 9,600" 
9,400- Animal power technology 
/ Custom power technology 
9,000 
8,800 
25 20 15 10 0 5 
Percent of fixed cost borne per ejldatarlo 
Figure 4.1. Net farm revenues for the mechanized, custom 
and animal power technologies in terms of per­
cent of fixed costs borne per ejldatarlo 
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units fixed costs and the animal power technology bears at 
least this percentage. Per percentages larger than I.5, the 
animal power technology's net farm revenue is larger. Beyond 
15.4 percent the custom power technology has the largest net 
farm revenue. 
If it is assumed that four ejidatarios share a mule team 
and 30 ejido society members jointly use a tractor, the net 
farm revenues for the custom, mechanized and animal power 
technologies are $0,019, $8,964 and $8,788 respectively. The 
three technologies are equivalent if fixed costs are shared 
by 32.5 and 6.5 ejidatarios in the mechanized and animal power 
technologies respectively. Stated in percentage terms, if 
15.40 percent of the animal power unit fixed costs and 3.O8 
percent of the mechanized power unit fixed costs are borne by 
the individual, the net farm revenues of the three technologies 
are the same. 
Modification of Assumptions 
Results of models with selected assumption modifications 
are presented next. These modifications include reducing the 
price of cotton by 20.0 percent, allowing unlimited water 
supplies, assuming hired labor is not available and an increase 
In the production technology of corn relative to cotton. 
Price of cotton reduced by 20.0 percent 
This study uses $2,500 as the current price of cotton. 
During the past five years the price of cotton in Comarca 
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Lagunera has varied between $2,144 and $3,099. With the 
increase use and further development of synthetic fibers a 
model reflecting the possible decline of cotton prices is 
presented. A 20.0 percent cotton price decrease model is 
presented here, alternative cotton price models and their 
implications are presented in Chapter VIII. 
Assuming the animal power technology, corn would replace 
cotton in the optimum enterprise combination. Net farm income 
would drop l6.0 percent to $7,868 and slightly more than 13 
tons of grain would be produced. The 2.15 hectares of corn 
would requii-e 4.1 hours of hired labor in October, during 
harvest, but family and operator labor would be sufficient 
in September. Credit resource requirements would decrease 
12.0 percent and only about $5,100 would be required in 
October. Although less annual family and operator labor is 
required than in Model 4.3 there is an increase of about 
50.0 percent in the annual hours of animal power required. 
This is principally due to the increase in the hectareage 
cultivated. 
Only family and operator labor available 
Model 4.5 modifies the labor supply of Model 4.3 by 
restricting it to only family and operator labor. Although 
Model 4.3 produces a larger net farm income, this model may 
represent the actual situation in Comarca Lagunera. Because 
the ej'ldatarios are underemployed 11 months during the year 
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in model three they may not be willing to hire labor during 
the cotton picking season. Thus, either they work more 
hours in October than this study has assumed or they 
diversify their cropping program so that labor is not re­
quired to be hired. Assuming the latter, this model only 
uses the family and operator labor supply. 
The resulting optimum solution combines corn and cotton 
enterprises. About two-thirds of the cultivated land is 
cotton and the remainder is planted to corn. The restricted 
labor supply raises the marginal value product of September 
labor to $4.09. Total hours of family and operator labor 
increase 8.0 percent and animal power hours are raised to 
97.5 hours annually in this model. The net farm income 
declines only about two percent to $9,186. The model also 
allows a four percent decline in the maximum quantity of 
credit demanded. 
Unlimited water supply 
Model 4,6 assumes that the ejidatario has an unlimited 
supply of water. This is possible either by developing 
additional sources of water or by reducing the number of 
farmers in Comarca Lagunera. Regardless of the source of 
the additional water, this model estimates the effects of an 
unlimited water supply. Maximum net farm income and optimum 
resource allocation are the questions this model addresses 
itself to when water supplies are not restricted. 
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Land Is the most limited resource in the model and its 
marginal value product is $5,717 per hectare, assuming the 
animal power technology. The net farm income of the cotton 
monoculture is $23,248 or nearly 240.0 percent of that when 
water is limited to 233-9 hectare-centimeters. Family and 
operator labor is in surplus in all months except September, 
the principal cotton harvest month. During September 1,118.4 
hours of labor are hired. 
This model requires 828.3 hectare-centimeters of water. 
Assuming current water resources, about 70.0 percent of the 
farms in the Laguna Region would be eliminated. Only 8,942 
of the 31,667 ejidatarios would remain. Credit demand would 
Increase 260.0 percent to over $15,200 in October. The I8.I 
tons of cotton produced would require IO8 hours of animal 
power in May and 312 hours annually. 
Production technology increases of corn relatIve to cotton 
The final model in this chapter considers an increase 
in the productivity of corn relative to cotton. Because of 
intensive work in corn production technology relative to that 
of cotton this situation could develop in the near future. 
Although experimental corn yields and l'armer cotton yields 
are used in this model, the results could reflect either an 
absolute increase in corn production technology, a decline 
in the production of cotton or a relatively greater Increase 
of corn production technology compared to cotton. The experi-
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mental corn production technology is 15.O percent greater than 
the farm production technology. All other assumptions ini­
tially stated remain unchanged. 
The net farm income is $9,194 or about $175 more than 
the original custom power technology model. Both cotton and 
corn are included in the crop enterprise combination at O.17 
and 1.87 hectares, respectively. The maximum capital require­
ment is $6,128 in October. The O.78 ton of cotton and 8.5 
tons of corn require 21.6 hours of power and uses 5^5 hours 
of family and operator labor annually. The marginal value 
product of October labor, the only month without a surplus, 
is only $0.17. Because this is less than the wage rate, no 
labor is hired. 
Conclusions 
Regardless of the power technology assumed, a cotton 
monoculture maximizes the net farm income of the ejidatario 
who has four hectares of land and receives 233.9 hectare-
centimeters of water. The net farm incomes for the 
mechanized, animal and custom power technologies are $9,673, 
$9,392 and $9,019 respectively. When the mechanized power 
unit is shared by 33 ejidatarios and the animal power unit by 
6.5 ejidatarios the net farm income less fixed costs of the 
three power technologies are about equal. 
When the price of cotton is decreased 20.0 percent, corn 
replaces cotton In the optimum enterprise combination. When 
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only the farm labor supply is employed both corn and cotton 
are grown. Likewise, when the production technology of corn 
relative to cotton increases both crops are cultivated. 
When the water supply is unlimited cotton is grown on all 
four hectares farmed by the ejidatarlo and land is the limiting 
resource. 
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CHAPTER V. RESOURCE REQUIREMENTS FOR SELECTED 
EJIDATARIO INCOME LEVELS 
One approach to increasing the income levels of the 
ejidatarios in Comarca Lagunera is to expand their resource 
base. Since water is the principal limiting resource, this 
amounts to allocating more water to the ejidatario. This 
approach requires that either the number of farmers in the 
Laguna Region must be reduced or the water supply must be 
Increased. In either case knowledge about the quantity of 
resources needed to generate a given income level is of 
interest. Tables 5.1, 5.2 and 5.3 show the resource require­
ments for income of 5; 10 and 15 thousand pesos above the 
annual minimum living allowance of $3,600. These tables are 
for the mechanized, custom and animal power technologies 
respectively. 
$5,000 Farm Income Level 
Disregarding power technology, the five thousand peso 
Income level above the minimum annual living allowance approx­
imates the current optimum farm income situation.^ Slightly 
more than one hectare of cotton is cultivated and between 35 
and 60 hours of September hired labor is required for picking 
cotton. Approximately 600 hours of family and operator labor 
^The number of farmers supported at the $5,000 Income 
level is from 5.0 to 13.0 percent higher than the current 
ejidatario population. 
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Table 5.1. Selected resource use characteristics for farms 
of 5, 10 and 15 thousand peso incomes above the 
minimum annual living allowance of $3,600 for 
the mechanized power technology 
Characteristic 
Model 
5.1 5.2 5.3 
Income level ($) 5,000.00 10,000.00 15,000.00 
Cotton-53 (has) 1.00 1.61 2.21 
(T) 4.52 7.27 10.01 
Family and operator labor 
(hrs/month) 
Jan. 0.0 0.0 0.0 
Feb. 3.2 5.1 7.1 
Mar. 14.7 23.6 32.6 
Apr. 29.8 47.9 66.0 
May 40.9 65.7 90.6 
June 46.6 74.9 103.2 
July 26.6 42.7 58.9 
Aug. 74.6 120.0 165.3 
Sept. 328.0 328.0 328.0 
Oct. 45.2 72.8 100.2 
Nov. 0.5 0.8 1.1 
Dec. 0.0 0.0 0.0 
Total 610.1 781.4 953.0 
September hired labor 
472.9 ( hrs) 33.3 253.1 
Power use by month 
(hrs/month) 
Jan. 0.0 0.0 0.0 
Feb. 3.2 5.1 7.1 
Mar. 4.2 6.7 9.3 
Apr. 5.0 8.0 11.1 
May 4.9 7.9 10.9 
June 1.9 3.1 4.2 
July 1.9 3.1 4.2 
Nov. 0.5 0.8 1.1 
Total 21.6 34.7 47.9 
Initial capital ($) 500.00 500.00 500.00 
Maximum credit ($) 5,147.35 7,003.20 8,859.05 
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Table 5.1. (Continued) 
Model 
Characteristic 5TÏ 572 5.3 
Water (hacm) 201.4 324.0 446.5 
Number of farmers in 
region^ 35,800 22,254 l6,l48 
Regional crop model 
credit^ (^) 100.1 88.3 82.0 
Regional crop model hired 
laborc (^) 79.0 241.0 314.0 
^Number of farmers the regional water supply will 
support when they are given their respective hectare-
centimeters of water. 
dumber of farmers in region times their respective 
credit demand in terms of $175,269,000, the regional crop 
model credit demand. 
^Number of farmers in region times their respective 
hired labor demand in terms of 2,546,000 hours, the regional 
crop model hired labor demand. 
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Table 5.2. Selected resource use characteristics for farms 
of 5, 10 and 15 thousand peso Incomes above the 
minimum annual living allowance of $3,600 for 
the custom power technology-
Model 
Characteristic 5.4 5.5 5.6 
Income level ($) 5,000.00 10,000.00 15,000.00 
Cotton-53 (has) 1.07 1.73 2.38 
(T) 4.86 7.82 10.77 
Family and operator labor 
(hrs/month) 
Jan. 0.0 0.0 0.0 
Feb. 0.0 0.0 0.0 
Mar. 11.3 18.2 29.0 
Apr. 9.5 15.2 21.0 
May 38.7 62.2 85.8 
June 48.0 77.3 106.6 
July 26.5 42.7 58.8 
Aug. 80.2 129.0 177.9 
Sept. 328.0 328.0 328.0 
Oct. 48.6 78.2 107.8 
Nov. 0.0 0.0 0.0 
Dec. 0.0 0.0 0.0 
Total 590.8 730.8 914.8 
September hired labor (hrs) 60.6 297.1 533.5 
Initial capital ($) 500.00 500.00 500.00 
Maximum credit ($) 5,950.46 8,294.93 10,639.41 
Water (hacm) 216.7 348.5 480.3 
Number of farmers in 
20,689 region^ 33,273 15,012 
^Number of farmers the regional water supply will 
support when they are given their respective hectare-
centimeters of water. 
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Table 5.2. (Continued) 
d e_3^ 
Characteristic 5.4 5.5 5.6 
Regional crop model 
creditb (#) 100.1 88.3 &2.0 
Regional crop model hired 
laborc ($) 79.0 241.0 314.0 
^Number of farmers in region times their respective 
credit demand in terms of $194,642,000, the regional crop 
model credit demand. 
^Number of farmers in region times their respective 
hired labor demand in terms of 2,546,000 hours, the regional 
crop model hired labor demand. 
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Table 5-3. Selected resource use characteristics for farms 
of 5, 10 and 15 thousand peso Incomes above the 
minimum annual living allowance of $3,600 for 
the animal power technology 
Characteristic 5.7 
Model 
5.8 5.9 
Income level ($) 
Cotton-53 (has) 
(T) 
5,000.00 10,000.00 15,000.00 
1.03 
4.66 
1,66 
7.49 
2.28 
10.33 
Family and operator labor 
(hrs/month) 
Jan. 0.0 0.0 0.0 
Feb. 0.0 0.0 0.0 
Mar. 26.8 43.1 59.4 
Apr. 25.5 41.1 56.6 
May 64.9 104.4 143.9 
June 55.3 89.0 122.6 
July 34.7 55.8 77.0 
Aug. 76.9 123.7 170.5 
Sept. 328.0 328.0 328.0 
Oct. 46.6 75.0 103.4 
Nov. 4.1 6.6 9.1 
Dec. 0.0 0.0 0.0 
Total 662.8 866.7 1,070.5 
September hired labor 
(hrs) 44.5 271.2 497.8 
Power use by month 
(hrs/month) 
0.0 Jan. 0.0 0.0 
Feb. 0.0 0.0 0.0 
Mar. 13.4 21.5 29.7 
Apr. 16.5 26.5 36.5 
May 27.8 44.7 61.7 
June 9.3 14.9 20.6 
July 9.3 14.9 20.6 
Nov. 4.1 6.6 9.1 
Total 80.4 129.1 178.2 
Initial capital ($) 500.00 500.00 500.0( 
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Table 5.3. (Continued) 
Model 
Characteristic 5•7 578 5.9 
Maximum credit ($) 5,^85.28 7,546.73 9,608.18 
Water (hacm) 207.7 334.0 460.4 
Number of farmers in 
region* 34,714 21,587 15,661 
Regional crop model 
credit^ {%) 100.3 88.5 81.7 
Regional crop model hired 
laborc {%) 60.6 230.0 305.0 
^Number of farmers the regional water supply will 
support when they are given their respective hectare-
centimeters of water. 
^Number of farmers in regional times their respective 
credit demand in terms of $184,035,000, the regional crop 
model credit demand. 
'^Number of farmers in region times their respective 
hired labor demand in terms of 2,546,000 hours, the regional 
crop model hired labor demand. 
89 
is used annually and from $5,150 to $5,950 of credit are 
required depending upon the power technology. About 120 
hectare-centimeters of water are required for this Income 
level. 
$10,000 Farm Income Level 
The ten thousand peso income level farm cultivates about 
one and two-thirds hectares of cotton. Annual family and 
operator labor use is from 730 to 87O hours for the custom 
and animal power technologies respectively, and the 
mechanized power technology requires an intermediate quan­
tity. September hired labor demand is from 250 to 300 hours 
and credit demand Increases about 40.0 percent over the five 
thousand peso income level. Water demand expands by about 
60.0 percent above that for the five thousand peso income 
level. 
$15,000 Farm Income Level 
The fifteen thousand peso income level farm cultivates 
2.21, 2.28 and 2.38 hectares of cotton for the mechanized, 
animal and custom power technologies respectively. Annual 
family and operator labor demand is around 950 hours for the 
three power technologies and about 500 hours of September 
hired labor is required for cotton harvest. Credit require­
ments vary from a low of $8,860 to a high of $10,640 for the 
three power technologies. Water demand also varies, depending 
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upon power technology, from 450 to 480 hectare-centimeters. 
Conclusions 
As the income level of the ejidatario rises the number of 
farmers the current water supply can support decreases. Figure 
5.1 shows that 61,310 farmers are supported at the $5,000 in­
come level, 30,550 at the $10,000 income level and only 12,270 
at the $15,000 income level. 
As farm Incomes and thus the hectares of cotton per farm 
increase, the total quantity of credit required in the Laguna 
Region decreases. Compared to the regional crop models 
(chapter VI) the credit demand is approximately 100.0, 88.0 
and 82.0 percent for the 5, 10 and I5 thousand peso income 
levels respectively. The reason for this is that fewer 
ejidatarlos are extended credit for the minimum living allow­
ance as the number of farms decreases. 
The demand for September hired labor increases as the 
Income level increases too. The 10 and 15 thousand peso 
income levels require about 230.0 and 310.0 percent of the 
regional crop models hired labor demand. Thus, if cotton 
hectareage per farm increases additional hired labor will 
have to be brought into the Laguna Region in the cotton 
picking season (probably at a higher wage rate) or mechanized 
cotton harvesting methods adopted. Both of these alternatives 
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Figure 5.1. Number of farmers in the Laguna Region at 
selected farm income levels assuming current 
water supplies, current prices and the 
mechanized power technology 
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will Increase the harvesting costs of cotton, therefore, 
reducing the net farm income and the relative disadvantage 
of alternative crop enterprises. 
93 
CHAPTER VI. MAXIMUM REGIONAL INCOME MODELS 
FOR CURRENT RESOURCE SUPPLIES 
Regional crop models for the three power technologies 
and four additional models with assumption modifications are 
presented in this chapter. The first three models examine 
regional resource use for the mechanized, animal and custom 
power technologies. The four latter models explore the 
effects of selected assumption modifications. These modifica­
tions include the use of experimental production technology, 
knowledge of a limited hired labor supply both before and 
after production decisions have been made and the assumption 
that cotton is more difficult to produce than the other crop 
enterprises. 
This chapter assumes current product and factor prices. 
It assumes that each of the 31^667 ejldatarlos has an initial 
capital supply of $500 and that the minimum family living 
level of $300 per month is met. The regional water, land 
and family and operator labor supplies are those defined in 
Chapter III. The supplies of credit and hired labor are 
assumed to be unlimited at prices of one percent per month 
and $1.50 per hour, respectively. The supply of power for 
all three power technologies is assumed to be unrestricted. 
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Analysis by Power Technology 
Mechanized power technology 
A cotton monoculture is the optimum enterprise combina­
tion for the regional model using the mechanized power tech­
nology. A regional net farm income of $306,306,000 is pro­
duced on the 35,765 hectares of cultivated cotton. Only I8.6 
percent of the annual family and operator labor supply is 
used although this labor supply is exhausted in September and 
2,546,155 hours of hired labor is employed. The l6l,700 tons 
of cotton produced requires $175,269,000 of credit and the 
annual interest charges are $7,802,943 or about 2.5 percent 
of the regional net farm income. The marginal value product 
of water is $42.46 per hectare-centimeter. Selected char­
acteristics of this and the other regional crop models are 
given in Table 6,1. 
Custom power technology 
The custom power technology, Model 6,2, follows the 
resource use of the mechanized power technology. Cotton is 
the only crop grown and identical quantities of hired labor 
and land are required. Because the power services are hired 
rather than owned, the credit requirements are increased to 
$194,642,000 but annual family and operator labor demand is 
reduced by slightly more than 12 million hours. The regional 
net farm income is $285,577,000 and the marginal value product 
of water declines to $39.47 per hectare-centimeter. 
Table 6.1. Selected characteristics of optimum solutions 
for regional models by power technology and 
other regional models with selected assumption 
modifications 
Characteristics 6.1 5.2 
Power technology 
Production technology 
Hired labor available 
Regional net farm Income 
($1,000) 
Maximum monthly power demand 
(1,000 hrs) 
Crops cultivated 
Cotton-53 (has) 
Corn-330 (has) 
Hired labor 
Sept. (1,000 hrs) 
Credit Oct. ($1,000) 
MVP of water ($/hacm) 
Mech. 
Farm 
Yes 
306,306 
178.8 
2,546 
175,269 
42.46 
Custom 
Farm 
Yes 
285,577 
0.0 
35,765 35,765 
0 0 
2,546 
194,642 
39.47 
^Cotton is planted assuming unlimited hired labor 
supply however actual hired labor supply is zero. 
zero hired labor supply is known before any produc­
tion decisions are made. 
^Cotton production technology is assumed to be 85.0 
percent of farm production technology. 
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Model 
6.3 6.4 6.5a 6.6D 6.7 
Animal Mech. Mech. Mech. Mech. 
Farm Exp. Farm Farm Farm^ 
Yes Yes No No Yes 
297,398 373,727 248,090 299,190 264,818 
965.7 178.8 178.8 241.2 272.8 
35,765 35,765 35,765 28,599 0 
0 0 0 13,622 68,188 
2,546 4,874 0 0 0 
184,035 180,599 170,203 166,669 146,4l6 
42.27 52.19 0.00 36.85 38.76 
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Animal power technology 
The third power technology follows the optimum solutions 
of the two previous models. Cotton is planted on 35,76$ 
hectares and requires $184,035,000 of credit. This inter­
mediate credit demand is a reflection of the less costly 
method of production. Fewer custom power services are 
employed than in the custom power technology model and animal 
power is used when possible. The regional net farm income is 
$297,398,000 and the shadow price of water is $41.17 per 
hectare-centimeter. Additional family and operator labor is 
employed with the animal power technology. Nearly 20.0 per­
cent of the annual family and operator labor supply is used, 
however, the quantity of September hired labor is the same as 
the other two power technology models. 
The Influence of Fixed Costs 
Meaningful comparisons of the three power technologies 
are not possible without consideration of fixed costs. Be­
cause fixed costs are defined as those costs of ownership 
unique to a given power technology, the custom power tech­
nology has no fixed costs. Fixed costs of the other two 
technologies are a function of the number of power units 
owned in the Laguna Region. 
Figure 6.1 shows the regional net farm revenue^ for the 
^Regional net farm income less fixed costs. 
Regional net farm revenue 
($100,000) 
291 -1 
290 -
Animal power technology - 36O hrs/month 
Mechanized power technology - 240 hrs/month 
Animal power technology 
- 240 hrs/month 
289 -
288 -
280 -
\ 
Custom power technology 
Power slack time as a percent of monthly hours supplied 
ure 6.1. Regional net farm revenue by power technology for selected maximum 
monthly use levels by percentage of slack time in month of greatest 
use for a cotton monoculture 
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three power technologies as presented in the first three 
models of this chapter. The regional net farm revenue is 
constant for the custom power technology and decreases as 
the percentage of slack time increases for the other two 
technologies. For example, if the animal power units are 
used 95.0 percent of the maximum 240 hours available and 
mechanized power unitM are not used 10.0 percent of their 
monthly work hours, the custom, animal and mechanized power 
technologies have regional net farm revenues of 285.6, 
286.7 and 287.3 million pesos, respectively for a cotton 
monoculture, 
The custom power technology gives the largest regional 
net farm revenue when there is slightly more than I5.O per­
cent slack time and the power units are not used more than 
240 hours per month. The second animal power line in Figure 
6.1 is for a maximum monthly power supply of 36O hours. 
Until there is about 40.0 percent slack time, the animal 
power technology generates more regional net farm revenue 
than the custom power technology. At 40.0 percent slack, 
the animal team that provides a maximum of 350 hours is only 
working 2l6 hours per month. 
Table 6.2 presents the.fixed costs of the animal and 
mechanized power technologies for maximum monthly power 
supplies of 240, 3OO and 360 hours. The fixed costs are 
given in terms of slack time or unused monthly power supplies 
0 
5 
10 
15 
20 
25 
30 
35 
40 
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50 
Animal and mechanized power technologies fixed costs per power unit 
by percentage of slack time for work months of 240, 300 and 360 hours 
Animal power technology Mechanized power technology 
Hours worked per month Hours worked per month 
240 300 360 240 300 360 
P7Ô00 $1,000 
9,713 7,770 6,475 15,824 12,688 10,573 
10,684 8,547 7,123 17,406 13,956 11,630 
11,655 9,324 7,770 18,989 15,225 12,687 
12,627 10,101 8,418 20,571 16,494 13,745 
13,598 10,878 9,065 22,153 17,763 14,802 
14,569 11,655 9,713 23,736 19,031 15,859 
15,541 12,432 10,360 25,318 20,300 16,916 
16,512 13,209 11,008 26,900 21,569 17,974 
17,483 13,986 11,655 28,483 22,838 19,031 
18,454 14,764 12,303 30,065 24,106 20,088 
19,426 15,541 12,950 31,648 25,375 21,145 
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In the month of greatest demand. Percentages up to 50.0 are 
included in the table. Fixed costs are double when 50.0 
percent slack time exists as apposed to the situation when 
there is no slack time in the month of greatest demand. Al­
though the fixed costs of the animal power technology are 
always less than the mechanized power technology for a 
given level of slack time, the regional net farm income of 
the mechanized power technology is always greater than the 
animal power technology for a given crop combination. Thus, 
conclusions about the regional net farm revenues cannot be 
generalized. 
Selected Assumption Modifications 
The four models in this section examine the implications 
of selected assumption modifications. The first model con­
siders the influence of experimental rather than farm pro­
duction technology. The next two models modify the unlimited 
hired labor supply assumption. The final model considers 
changes in the relative production technology of cotton and 
other crops. 
Experimental production technology 
Model 6.4 modifies the assumption of farmer yields and 
replaces it with experimental production results. The 
mechanized power technology is assumed and the regional net 
farm income increases to $373,727,000. This is nearly 67.5 
million pesos of additional income and is an increase of 
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22.0 percent above the farm production technology. 
The cotton monoculture Is maintained but the resource 
requirements have increased, as would be expected. Credit 
requirements in October are nearly l8l million pesos or about 
five million more than with the farmer production technology. 
Annual labor use is increased to 19.1 percent and the amount 
of hired labor required in September is nearly doubled. Power 
requirements, however, are the same. The production of cotton 
increases by 29,106 metric tons and the marginal value product 
of water is raised to $52.19 per hectare-centimeter. 
The 20.0 percent income increase is produced with a 17.0 
percent increase in cotton yields. These yield levels have 
been achieved at experimental stations in the Laguna Region 
and may be possible for the average farmer in the near future. 
Problems with insects and disease, however, may limit farmer 
production increases. Only five million pesos of additional 
credit is required for this production level but costs, in 
terms of adopting this production technology level are unknown. 
Under this model the typica], farmer would earn a net farm 
income of $11,801. This is about 22.0 percent more than the 
net income for farmer production technology. 
No hired labor available after production decisions are made 
This model estimates the consequences of a hired labor 
supply of zero after production decisions have been made 
and implemented assuming an unlimited labor supply. Thirty-
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five thousand seven hundred sixty-seven hectares of cotton 
are planted but only about 91.0 percent of the crop is 
harvested. Although operator and family labor is exhausted 
in September, 14,432 tons of cotton are not picked and the 
regional net farm income drops to $248,090,000, a decrease 
of nearly 20.0 percent. September labor has a shadow price 
of $24.39 and the marginal value product of water drops to 
zero. 
If only 28,724 hectares of cotton are planted, instead 
of the maximum, the regional net farm income would be 
$280,468 more. This increase results from the savings in 
cash costs from seeding fewer hectares more than offsetting 
the decreased income from smaller cotton pickings in August 
and October. Eleven percent more cotton is produced when 
the maximum cotton hectareage is cultivated but a 20.0 percent 
water savings is possible when the smaller hectareage is 
harvested. How this water can best be used when the labor 
supply is known to be inadequate is considered in the next 
model. 
Knowledge of labor supply before production decisions are made 
When it is known that hired labor is not going to be 
available before production decisions are made, different 
enterprise combinations are selected. Some of the character­
istics of this assumption are given under Model 6.6 in Table 
6 . 1 .  
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The results of this assumption are that crop production 
Is divided between cotton and corn. Of the 42,261 hectares 
cultivated, only 28,599 or about two-thirds of them are 
planted to cotton. Corn Is cultivated on the remainder. The 
regional net farm Income Is $299,190,000 or about 98.0 percent 
of that when hired labor Is available. About 51 million pesos 
or 20.0 percent additional Income Is earned over the previous 
model. The marginal value products of water and September 
labor are $36.85 per hectare-centimeter and $4.32 per hour, 
respectively. 
Lower production technology for cotton relative to other crops 
The final model considered In this chapter. Model 6.7, 
assumes that cotton is a more difficult crop to produce. 
This may be reasonable given the numerous applications of 
chemicals required by cotton and the critical nature of their 
timing. This model assumes that cotton production technology 
is 85.0 percent of the farm production technology assumed for 
the other crops. When the mechanized power technology is 
used only corn is produced and cotton is eliminated from the 
model. The 68,188 hectares of corn produces 421,300 tons of 
grain and nearly 370,000 tons of stover. The October credit 
requirement is $l46,4l6,000 and the marginal value product 
of water Is $38.76 per hectare-centimeter. No hired labor 
is employed and some family and operator labor is surplus in 
all months. Regional net farm income is $264,818,000 or 
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about 87.0 percent of that when cotton is grown at the farm 
production technology. 
This model may also be relevant if disease and Insect 
problems continue to decrease cotton yields in Comarca 
Lagunera. If cotton yields are 9O.O percent of farm pro­
duction technology 31,738 hectares of cotton and 7,678 
hectares of corn are planted. The regional net farm income 
is $271,073,000 or about 89.0 percent of that when cotton 
yields are 100.0 percent of the farm production technology. 
September labor is exhausted but its shadow price, $0.62, is 
less than the wage rate so no hired labor is employed. 
Conclusions 
Regional net farm income is maximized when a cotton 
monoculture is grown regardless of the power technology used. 
When fixed costs are considered it is possible to make an 
evaluation of the three power technologies. In a typical 
situation when both the animal and mechanized power units are 
used 90.0 percent of the heaviest work month, the mechanized 
power technology's regional net farm revenue is 57^ and 
1,7^0 thousand pesos more than the animal and custom power 
technologies respectively. 
Both the mechanized and animal power technologies re­
quire less capital for operating expenses, however, if 
capital is rationed to the Banco Ejidal which provides both 
the operating capital and the investment capital for power 
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and machinery Investment (either by the ejidatarios In the 
mechanized and animal power technologies or the bank who runs 
the custom operations in the custom and animal power tech­
nologies) the animal power technology requires only 
$251,890,000 of total bank capital compared to the 
$263,286,000 and $271,693,000 for the mechanized and custom 
power technologies. These figures assume 9O.O percent of the 
300 hours of the heaviest work month are utilized and that 
50.0 percent of the custom power services are not cash 
expenses. 
If cotton production is more difficult than corn produc­
tion, a 10.0 percent production technology difference will 
allow corn to start to replace cotton in the optimum solution. 
Also, the ejidatarios will diversify their cotton enterprise 
with corn if a cotton harvest labor shortage is known to 
exist. 
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CHAPTER VII. REGIONAL CROP AND LIVESTOCK MODELS 
Another method to Increase Income in Comarca Lagunera Is 
to intensify resource use. Intensive capital use can be 
achieved with livestock production. Because of data defi­
ciencies with respect to other livestock classes and the 
partial development of a dairy industry in the Laguna Region 
this study limits livestock production to 30 and 120 cow dairy 
operations. Also, projections of Mexico's fresh milk demand 
and supply balance estimate deficit production of nearly 
640,000 tons in 1975 (44). 
The crop and livestock models are basically the crop 
model with the addition of the two dairy activities and a 
number of feedstuff activities. Least cost rations for 
pregnant heifers and dry cows, milking cows and young stock 
are computed in the model. The feed activities Include 
forages and grains produced in the Laguna Region, alfalfa hay 
and grain sorghums imported from other agricultural regions 
In Mexico and molasses and boneraeal. The forages and grains 
produced in the Laguna Region include green chopped alfalfa, 
Sudan and sorghum silage, corn and sorghum stover, winter 
oat forage, grain sorghums, corn and cobbmeal and cotton 
and safflower oil meals. The oil meals are by-products of 
the regions oil extraction plants. 
Assumptions with respect to the crop activities are 
those given in the regional crop models chapter. Assump-
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tions concerning the livestock activities limit the number of 
dairies in the region to less than five hundred 120 cow herds 
or an equivalent capital investment in 30 cow herds. Also, 
cows in the 120 cow herds produce 20 liters of milk daily-
while those In the 30 cow herds only produce 15 liters. One 
peso and twenty-two centavos per liter is the current milk 
price and the cows are assumed to produce for only four 
lactations. Dairy production under the three power technol­
ogies is presented in the first portion of this chapter. The 
second part of the chapter considers the least cost rations 
and some feed price changes. The final section considers 
the implications of increasing the numbers of dairy herds 
from zero to $00. 
Crop and Livestock Models by Power Technology 
Mechanized power technology 
The optimum enterprise combination for Model 7.1, the 
regional crop and livestock mechanized power technology 
model. Includes a cotton monoculture and the maximum number 
of 120 cow dairy herds. The regional net farm Income in­
creases 271 million pesos or about 90.0 percent above that 
of the crop model, a cotton monoculture or 35,765 hectares. 
The dairy enterprise generates sufficient Income so that no 
credit is required and the marginal value product of water 
shows an equivalent Increase. September hired labor Increases 
by 18.0 percent and annual family and operator labor use 
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increases to 27.7 million hours or 4.7 percent above the 
regional crop model. The marginal value product or shadow 
price of an additional 120 cow dairy unit is $525,656. The 
number of dairy units in Comarca Lagunera may vary between 
395 and 532 and maintain this shadow price. Selected char­
acteristics of this and the other two power technologies 
regional crop and livestock models are given in Table 7.1. 
Custom power technology 
The custom power technology regional crop and livestock 
model, Model 7.2, generates $558,303,000 or about 97.0 percent 
of the Income of the mechanized power technology model. How­
ever, the custom technology has less fixed costs than the 
mechanized power technology model. Again, the only crop 
activity is cotton and its production is unchanged from the 
161,700 tons produced in the crop model. Income from the 
five hundred 120 cow dairy enterprises is $272,726,000 or 
nearly two million pesos more than that earned under the 
mechanized po:.?r technology. The annual family and operator 
labor use is 21,3^0,000 hours or about 4.4 million hours 
less than the previous model. The marginal value product of 
water is $0.8l more than that in the custom power technology 
crop model. The shadow price of another 120 cow dairy 
activity is $527,157 between 440 and 555 units. 
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Table 7.1. Selected characteristics of regional crop and 
livestock models by power technology 
Characteristic 
7.1 
Mechanized 
Model 
7.2 
Custom 
7.3 
Animal 
Regional net farm income 
Crop ($l,000)a 
Livestock ($1,000) 
Total ($1,000) 
Cotton-53 (has) 
Annual family and operator 
labor (1,000 hrs) 
September hired labor 
(1,000 hrs) 
Shadow price of water 
($/hacm) 
Shadow price of 120 cow 
dairy unit 
($/unit) 
Range over which dairy 
unit shadow price holds 
306,306 
270,631 
576,937 
35,765 
43.08 
285,577 
272,726 
558,303 
35,765 
297,398 
272,599 
569,997 
35,765 
25,690 24,340 27,365 
2,019.6 3,020.2 3,023.2 
40.28 41.90 
525,656 527,157 528,228 
306-532 440-555 414-530 
^Regional net farm crop income is that of the regional 
crop model shown in Table 6.1. 
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Animal power technology 
Income from the dairy enterprise using the animal power 
technology is larger than that from the mechanized or custom 
powelr technologies. The $272,599,000 of dairy income plus 
the $297,398,000 of crop income gives the second largest 
regional net farm income, $569,997,000. The 35,7^5 hectares 
of cotton and the five hundred 120 cow dairy herds use 
3,023.2 thousand hours of September hired labor and 27.4 
million hours of family and operator labor annually. The 
marginal value product of water is slightly larger than that 
in the crop model. The shadow price of an additional 120 cow 
dairy unit is $528,228 between limits of 4l4 and 530 units 
in Model 7.3. 
Least Cost Ration Formulation 
The crop and livestock models include three least cost 
dairy rations. The young stock, milking and the piegnant 
and dry cow rations are not influenced by power technology, 
therefore. Table 7.2 presents data from four models using 
the animal power technology. Model 7A uses current feed 
prices. Models 7.5 through 7-7 consider 10.0 percent in­
creases in the price of alfalfa hay and grain sorghum 
separately and in combination. 
Current price model 
The young stock ration is for animals between the weights 
of 50 and 100 kilos. Thus, it is relatively unimportant in 
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Table 7.2. Yearly quantities of feeds comprising the young 
stock, milking and the pregnant heifer and dry 
cow rations for a single 120 cow dairy herd for 
selected alfalfa hay and grain sorghum prices 
Characteristic 
kg 
Model 
7 . 5  "775" TTT 
Peed price level 
Alfalfa hay 
Grain sorghum 
Current 
Current 
+ J-U/O 
Current 
Current + 10^ 
+ 10# 
Young stock ration 
Cottonseed oil meal 69O 69O 930 930 
Bonemeal I50 I50 I30 130 
Molasses 230 230 1,290 1,290 
Alfalfa hay 2,840 2,840 2,650 2,650 
Grain sorghum 6,760 6,760 5>850 5,850 
Milking ration 
Bonemeal 3,380 3,380 3,380 3,380 
Molasses 74,060 74,060 74,060 74,060 
Alfalfa hay 713,510 713,510 713,510 713,510 
Grain sorghum 30,880 30,880 30,880 30,880 
Pregnant heifer and 
drv cow ration 
"Bonemeal 19O 19O 19O 190 
Molasses 17,250 17,250 17,250 17,250 
Alfalfa hay 177,830 177,830 177,830 177,830 
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terms of quantity of feed and percent of feed costs. The 
ration does require a higher level of digestible pi'otein 
which is supplied with cottonseed oil meal. In addition to 
the 690 kilograms of protein supplement the ration is com­
posed of 63.4 percent grain sorghum and 26.5 percent alfalfa 
hay. The remainder of the ration is molasses and bonemeal. 
The milking or lactation ration is 86.5 percent alfalfa 
hay. In addition to this roughage the ration is 9.0 percent 
molasses and 3.8 percent grain sorghum. The ration also in­
cludes a small amount of bonemeal. This ration accounts for 
nearly 80.0 percent of the total feed costs. 
The third ration is for dry cows and pregnant heifers. 
Over 90.0 percent of the ration is alfalfa hay. Additional 
energy is provided by the molasses and the mineral require­
ments are met with bonemeal. Less than 20.0 percent of the 
total feed costs are from this ration. 
Ten percent Increase in the price of alfalfa hay 
When the price of alfalfa hay is increased by 10.0 per­
cent in Model 7.5, feed costs increase by $32,000 but there 
are no changes in the composition of any of the three 
rations. All of the rations remain as they were under 
current feed prices. The regional net farm income is 
$553,687,000 or about 97.0 percent of that generated when 
alfalfa is at the current price. 
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Ten percent Increase In the price of grain sorghum 
Changes in the composition of the young stock ration 
occur in Model "J.6 when the price of sorghum grain is in­
creased by 10.0 percent. However, the other two rations 
which comprise over 95.0 percent of the total feed costs 
are not effected. Because the ration for dry cows and 
pregnant heifers does not include grain sorghum under current 
prices there is no effect when the price of grain sorghum is 
Increased by 10.0 percent. Although the milking ration in­
cludes almost 4.0 percent grain sorghum its feed combination 
does not change. A price increase of more than 45.0 percent 
is necessary before the quantity of grain sorghum in the 
milking ration is reduced. The 10.0 percent increase in the 
price of grain sorghum does decrease the regional net farm 
income by $1,179,000. 
The increase in the price of sorghum grain causes a 15-5 
percent decrease in the quantity of sorghum grain in the young 
stock ration. This decrease is compensated for by increases 
in molasses and cottonseed oil meal. The increase in these 
feeds allows the quantity of alfalfa hay and bonemeal to be 
reduced. 
Ten percent increases in the price of both grain sorghum and 
alfalfa hay 
When the price of both alfalfa hay and grain sorghum 
are increased, the regional net farm income is reduced by 
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17-5 million pesos or about 3.0 percent. No changes in ration 
composition are made in the milking and dry cow and pregnant 
heifer rations, however, the young stock ration is identical 
to that fed under only a grain sorghum price increase. 
Price stability of the milking ration 
Since the milking ration accounts for 80.0 percent of 
the dairy feed costs the price sensitivity of it is important. 
Table 7.3 shows the feeds in the milking ration, their current 
price and the percentage increases and decreases necessary in 
feed prices before the composition of the ration changes. 
Both bonemeal and molasses require relatively large price 
changes before their quantity in the ration changes. Alfalfa 
hay and grain sorghum, however, are more sensitive to price 
changes. Although more than a 600.0 percent price decrease 
Table 7.3. Percentage feed price changes in the milking 
ration before changes in the ration composition 
occur 
Feed 
Percent price 
Current price 
($/T) 
change without 
Decrease (#) 
ration change 
Increase 
(fO 
Bonemeal 200.04 175.0& 690.0 
Molasses 348.00 665.0* 54.0 
Alfalfa hay 364.80 610.0& 11.0 
Grain sorghum 630.00 15.0 45.0 
^Range analysis showed negative prices. 
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is required before the quantity of alfalfa hay in the ration 
will increase, only an 11.0 percent increase in the price of 
alfalfa hay will decrease the quantity in the ration. Grain 
sorghum only requires a 15.0 percent price decrease before a 
rather large increase in its quantity will take place. A 
45.0 percent price increase is necessary before the quantity 
of grain sorghum is reduced. 
Changes in the Number of Dairies 
Table 7.4 shows the changes in a few selected character­
istics as the number of dairies in Comarca Lagunera increases 
from zero to ^00 in intervals of 25. The regional net farm 
income increases with each interval but the increases, de­
crease from $13,835,312 for the first increment to $13,205,670 
for the 475-500 Increment. The decrease is only about 
$630,000, however. With 5OO dairies, the regional net farm 
Income of the Laguna Region Is 92.0 percent greater than when 
only crops are grown. 
Each increment requires an additional 22 .7  million peso 
Investment in livestock, buildings, and equipment. The Banco 
Ejidal interest rates for such investments are 10.0 percent. 
To double the regional net farm income would require an 
investment of about 500 million pesos or about $15,800 for 
each ejidataro in the Laguna Region. The fixed capital 
would receive a return of nearly 65.0 percent in this situ­
ation . 
Table 7.4. Selected characteristics of regional resource use and income for  
selected numbers of 120 cow dairy herds 
Maximum Annual 
Regional credit family & MVP of 
Number net farm Investment require­ operator Hired dairy 
of income required ments labor labor unit 
dairies ($1,000) ($1,000,000) ($1,000) (1,000 hrs) (1,000 hrs) ($) 
0 297,389 0.0 184,035 22,014 2,546 0.0 
25 311,235 22.7 172,423 22,277 2,570 609,573 
50 325,072 45.4 160,811 22,533 2,594 609,573 
75 338,905 68.1 149,203 22,802 2,618 608,427 
100 352,716 90.8 137,617 23,064 2,642 608,427 
125 366,527 113.5 126,030 23,327 2,667 608,427 
150 380,329 136.2 114,454 23,589 2,689 606,813 
175 394,103 158.9 102,904 23,852 2,713 606,813 
200 407,878 181.6 91,353 24,114 2,737 606,813 
225 421,652 204.3 79,803 24,377 2,761 606,813 
250 435,427 227.0 68,253 24,579 2,785 606,813 
275 449,202 249.7 56,703 24,781 2,809 606,813 
300 462,934 272.4 45,195 25 ,044 2,832 604,641 
325 476,621 295.1 33,731 25,306 2,856 598,813 
350 490,213 317.8 22,362 25,569 2,880 595,202 
375 503,700 340.5 11,096 25,831 2,904 591,123 
400 517,118 363.2 5,602 26,094 2,928 586,190 
425 530,379 385.9 0.0 26,356 2,952 581,749 
450 543,585 408.6 0.0 26,619 2,975 581,749 
475 556,791 431.3 0.0 26,881 2,999 581,749 
500 569,996 454.0 0.0 27,406 3,047 581,749 
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The decline in the marginal value product of the dairy-
unit is caused by the decreasing credit requirements of the 
region as the dairy enterprise is expanded. With no dairy-
herds, l84 million pesos of credit are required but with 425 
dairies the credit demand is reduced to zero. Thus, on a 
regional basis with four hundred and twenty-five 120 cow 
units all of the regions short term credit needs could be 
supported by the dairy enterprises including the minimum 
living allowance. 
The quantity of hired labor demanded Increases at a con­
stant rate as the number of dairies expands. About 24,000 
hours of additional September hired labor are required for 
each dairy Increment. This is the quantity of September 
labor needed for the additional 25 dairies. Annual family 
and operator labor expands at the rate of about 262,500 hours 
per increment. VJlth 500 dairy operations nearly 25.0 percent 
of family and operator labor Is employed. However, on an 
annual basis there is still three times as much extra labor-
as that employed. If the eight cropping months are con­
sidered and it is assumed that only the operator works, he is 
employed about 42.0 percent of the time. 
Conclusions 
The addition of the dairy activities and their associated 
feed activities does not change the optimum crop combination. 
The cotton monoculture is maintained in all three power tech­
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nologies. When investment capital for dairy enterprises is 
limited, the 120 cow herd is adopted rather than the 30 row 
herd. The addition of the 120 cow dairy enterprise at the 
500 unit level allows the Laguna Region to become capital 
self-sufficient. However, unless the cropping and livestock 
enterprises are combined within the ejldal societies, the 
former will maintain its credit demand. The dairies increase 
the labor demand in all months but only in September is addi­
tional hired labor employed. Considering only the operators 
during the eight month cropping season, they would be con­
structively employed about 40.0 percent of the time. About 
72 million pesos of dairy activity investment required for a 
one percent increase in operator labor demand. The five 
hundred 120 cow herds increase the regional net farm Income 
about 270 million pesos and the marginal value product of the 
120 cow dairy activity varies between $80 and olO thousand 
pesos over the zero to $00 unit range. 
The power technology does not effect the least cost 
rations calculated by the model. A 10.0 percent Increase in 
the price of grain sorghum does alter the feed combinations 
in the young stock ration but does not change the feed combi­
nation in any of the rations. The composition of the milking 
ration, which accounts for over 80.0 percent of the feed costs, 
does not change for alfalfa hay price increases of less than 
11.0 percent and sorghum grain price decreases of less than 
15.0 percent. 
120 
CHAPTER VIII. PRODUCT PRICE SENSITIVITY 
Resource allocation and enterprise combinations are 
influenced by product price ratios. This chapter considers 
these influences in two ways. First, an estimate of the 
price changes required for a selected activity to enter the 
optimum solution of the current prices model is made. The 
shadow price of the relevant activity is used in this 
approach. Second, product price ranges which maintain 
given production patterns are defined. These price ranges 
are found by combining the range analysis features of the 
mathematical programming system and changing the prices of 
the activities in the optimual solution. 
Prices Required for Production Changes 
The current prices model, regardless of the power tech­
nology, maximizes regional net farm income with a cotton 
monoculture. Table 8.1 presents the current prices of the 
activities and their production levels. The price required 
for this activity to change its production level when this 
is the only change made in the current price model is pre­
sented. Also, the percentage of the activities current 
price and the cotton price ratio are given. 
Cotton production does not change until its price is 
decreased $201 or about 8.0 percent. Corn would enter the 
optimum solution if its price were raised by $70 per ton and 
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Table 8.1. Current price, production and change in current 
price required to change production in peso, 
percentage and ratio terms for selected crops in 
the Laguna Region assuming the animal power 
technology 
Price necessary 
Current to change production 
price Production Cotton 
Crop $/T has $/T % ratio 
Cotton 2,500 35,765 2,299 92.0 
Corn 800 0 870 108.8 2.873 
Grapes 1,000 0 1,272 127.2 1.965 
Strawberries 1,500 0 2,l4l 142.7 1.167 
Grain sorghum 620 0 973 156.9 2.569 
Safflower 1,150 0 2,123 184.6 1.177 
Pecans 5,500 0 14,109 256.5 0.106 
Sudan forage 60 0 154 256.7 16.233 
Wheat 900 0 2,338 259.8 I.O69 
Forage sorghum 50 0 149 298.0 16.778 
Alfalfa 70 0 219 312.9 11.415 
Oat forage 65 0 287 441.5 8.710 
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the current price of cotton, $2,500, is maintained. The rest 
of the crops would also enter the optimum solution when the 
current price of cotton is maintained and their prices are 
individually raised to the amount shown. 
Only corn, grapes, strawberries, grain sorghum and 
safflower require price increases of less than 100.0 percent 
to enter the optimum solution. All of the other activities 
require price increases of at least 100.0 percent. With the 
exception of wheat and pecans, all of the rest of the activi­
ties are forage crops and require price Increases of up to 
341.5 percent. 
The cotton price ratio suggests the relationship between 
cotton and the selected activity which allows the latter to 
enter the optimum solution. For example, assuming current 
prices for all activities except corn, a cotton-corn ratio of 
2.873 or less (a corn price of at least $870) would include 
corn production in the optimum solution. 
Price Ranges Which Maintain Production Patterns 
Changes in the production pattern as the price of the 
activity dominating production is reduced and the price ranges 
over which this production pattern is maintained are presented 
in Tables 8.2, 8.3 and 8.4. These tables also Include the 
regional net farm Income and the price range over which the 
incoming activity's production level is maintained for an 
intermediate price of the principal activity. The maximum 
Table 8.2. Cotton and corn production and price ranges which maintain production 
patterns 
Model 
Characteristic b. 1 5T2 b. 3 b. 4 b. 5 
Cotton production (has) 35,765 35,765 28,599 523 0 
Cotton price range which high + inf. + inf. 2,299 2,179 2,134 
maintains production low 2,299 2,299 2,179 2,13^ - inf. 
levels ($/T) 
Intermediate cotton price 
($/T) 2,500 2,300 2,250 2,150 2,100 
Corn production (has) 0 0 13,637 67,069 68,158^ 
Corn price range which high 87O 8OI 808 821 + inf. 
maintains production low - inf. - inf. 787 7^9 780 
for the intermediate 
cotton price ($/T) 
Regional net farm income 
for the intermediate 
cotton price ($1,000) 267,398 266,058 259,558 250,268 250,230 
^Combination of corn-330 and corn-339 with 67,199 and 959 hectares, respec­
tively. 
Table 8.3. Corn and grape production and price ranges which maintain production 
and the maximum cotton price which allows production to be maintained 
for the intermediate corn price 
Model 
Characteristic 8.6 8.7 8.8 8.9 8.10 
Corn production (has) 68,158^ 41,339 7,674 7,674 0 
Price range of corn which high + inf. 68O 653 653 615 
maintains corn production low 680 667 615 615 - inf. 
($/T) 
Intermediate corn price ($/T) 750 675 65O 625 6OO 
Grape production (has) 0 13,481 30,267 30,267 34,063 
Grape price range which high 1,187 1,000 1,047 1,013 + inf. 
maintains grape produc- low - inf. 950 997 963 980 
tion for the intermediate 
corn price ($/T) 
Maximum cotton price which 
maintains corn and grape 
production for the inter­
mediate corn price ($/T) 2,003 1,991 1,923 1,853 1,827 
Regional net farm income 
($1,000) 229,610 208,990 194,703 193,540 193,095 
^Combination of corn-330 and com-339 with 67,199 and 959 hectares, respec­
tively. 
Table 8.4. Grape production and price range which maintains grape production, 
grain sorghum and strawberry production and price ranges for the 
intermediate grape price and the maximum cotton and corn prices 
which maintain the production pattern at the intermediate grape price 
Characteristic 
Model 
BTTI 8TT2 8TÎ3 
Grape production (has) U) 063 34, 063 11. 164 
Gra^e^price range which maintains production high 
low 
1. 
00
0 
00
0 1. 0
00 OC
X) 
00
0 00
00 
Intermediate grape price ($/T) 950 900 850 
Grain sorghum production (has) 0 0 12, 951 
Grain sorghum price range which maintains 
grain sorghum production at the inter­
mediate grape price ($/T) 
high 
low -
712 
inf. -
648 
inf. 
627 
620 
Strawberry production (has) 0 0 9, CO
 
Strawberry price range which maintains 
strawberry production at the inter­
mediate grape price ($/T) 
high 
low 
620 
inf. 
1. 528 
inf. 
H H 
506 
500 
Maxim.um cotton price which maintains 
grain sorghum, grape and strawberry 
production at the intermediate grape 
price ($/T) 1, 724 1, 622 1. 563 
Table 8.4. (Continued) 
Characteristic 
Model 
8.11 8.12 8.13 
Maximum corn price which maintains grape 
grain sorghum and strawberry produc­
tion for the intermediate grape price 
($/ï) 
Regional net farm income ($1,000) 
568 
177,698 
531 
162,301 
512 
151,287 
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price of cotton in Table 8.3 and cotton and corn in Table 8.4 
which maintains the stated production levels for the inter­
mediate price of the principal production activity are also 
given. 
Table 8.2 shows the data for cotton as its price is de­
creased from $2,500 to $2,100. At the higher price level 
35,765 hectares of cotton are produced and this hectareage is 
maintained for cotton prices of at least $2,299* No corn or 
other crops are grown and corn does not enter until its price 
is $870 or more. The regional net farm income is $297,398,000. 
When the price of cotton is $2,100 no cotton is produced 
and 68,158 hectares of corn are grown. Cotton is not culti­
vated unless its price is at least $2,134. Corn will maintain 
its production level for all prices above $780. The regional 
net farm income is $250,230,000. 
Table 8.3 presents data when corn is produced and cotton 
production is eliminated. Corn hectareage is 68,158 for 
prices of at least $680. Grapes do not enter the program 
for prices of less than $1,187 when the price of corn is 
$750. The price of cotton could be less than $2,003 and 
maintain this production pattern. The regional net farm in­
come in this situation is $229,610,000. 
When the price drops to $675, corn hectareage declines 
to 41,339 and 13,48l hectares of grapes are cultivated. 
This production pattern is maintained for price levels of 
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$667 to $680. At the intermediate corn price of $675» grape 
production is maintained for prices between $950 and $1,000. 
The regional net farm Income is $208,990,000 and the price 
of cotton could be $1,991 without changing the production 
pattern. 
When the price of corn drops to $615, it is eliminated 
from the optimal production solution and is replaced with 
grapes. For prices of $980 or more, 34,063 hectares of grapes 
are grown. The price of cotton could be $1,827 before it 
would effect this production pattern. 
Table 8.4 presents the data for grapes. l\[hen the price 
of grapes drops to $850 strawberries and grain sorghum enter 
the optimal solution. At this price level 12,951 hectares 
of grain sorghum and 9,478 hectares of strawberries are grown. 
A corn price of $512 would not change the production pattern. 
Likewise, at cotton price of $1,563 or less would not change 
the production pattern. The regional net farm income is 
$151,287,000 or about half of that when the price of cotton 
was $2,500. 
Conclusions 
The current price model maintains a cotton monoculture 
for cotton prices of at least $2,299. The cotton hectareage 
is reduced to 28,599, the hectareage cultivable without 
employing hired labor, for the $2,179 to $2,299 cotton price 
range. Corn is cultivated with the water not utilized in 
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cotton production in this cotton price range. Between $2,179 
and $2,134 the cotton hectareage drops to $523. At lower 
prices, no cotton is grown. 
Only once in the last ten years has the cotton price 
dropped below $2,250 and 8O.O percent of the time it has 
exceeded $2,295. This suggests that cotton hectareage should 
be quite stable at the 28,599 hectare level or higher. World 
market expectations might suggest lower cotton prices in the 
future but price decreases of about 15.0 percent from the 
five year average would be necessary to cause substantial 
cotton hectareage decreases. 
Additional cotton production stability is suggested by 
the fact that the best alternative crop, corn, is supported 
by the Mexican government at about 25.0 percent above the 
world price. If government corn supports are dropped, cotton 
would remain competitive with corn for prices down to $1,800 
per ton. 
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CHAPTER IX. WATER ALLOCATION AND DEMAND 
Water is the lifeblood of agriculture in Comarca Lagunera. 
Due to its limited supply only about one hectare in four Is 
cultivated. Thus, managerial decisions concerning water are 
very important. 
This chapter will consider farm water allocation for a 
given crop and water allocation between various crop alterna­
tives. The effects of factor prices, product prices and 
resource supplies upon water allocation are examined. Water 
allocation in the Laguna Region under current factor and 
product prices is considered in detail including the costs of 
maitiOv-jn-'ing various stocks of water in Cardenas Dam. The 
chapter concludes with an analysis of the water demand for 
the eJidatario who has four hectares of land. 
Optimum Farm Water Allocation 
Optimum farm water allocation is necessary to maximize 
ejidatario income in Comarca Lagunera. Which crops should 
be cultivated and how water should be allocated to them are 
critical management decisions. Economic theory states that 
the variable resource (water) should be applied to the fixed 
resource (land) so that the factor-product price ratio equals 
the marginal product per unit of the variable resource. When 
the variable resource is in limited supply the units of land, 
the fixed resource, must be reduced until the marginal 
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product is less than the average product. That is, income 
can be Increased when water is allocated to fewer hectares 
of land but the reduction in land must allow the average 
product to be greater than the marginal product. When water 
is allocated to more than one crop, profit is maximized when 
the marginal value product of the crops are equated for the 
marginal unit of water applied to each crop. Crops should 
be expanded or added in order of their marginal value products 
per unit of water. 
Water allocation in Comarca Lagunera is based upon net 
farm income per unit of water because water costs are fixed 
at about $105 per cultivated hectare regardless of the crop 
grown. In addition, each ejidatario has a limited water 
supply. Water units per hectare and net farm income per 
hectare are used as intermediate measures to determine the 
net farm income per hectare-centimeter of water. Net farm 
income per hectare is simply production times product price 
less variable costs. There are, however, a number of water 
units which can be used. These include: (l) plant water 
use, (2) field water use, (3) farm water use, (4) reservoir 
water released and (5) stored water. 
Plant water use is the quantity of water used by the 
plant. It assumes no evaporation, percolation or field 
application losses. It does, however. Indicate the plants 
water efficiency. Since field distribution losses cannot 
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be avoided when delivering water to the plant they are com­
bined in the next water measure. 
Field water use combines field application losses and 
plant water use. Field application losses vary with the 
crop, soil, weather, method of irrigation and the number and 
frequency of irrigations. Field losses vary considerably and 
depend to a great extent upon management ability. Blaney and 
Hanson (13) report field irrigation-efficiency^ percentages 
from 50.0 percent for sandy soil with three inches of refill 
capacity to 80.0 percent for soils with fine surface textures 
and good management. Average management will reduce the 
efficiencies from 10.0 to 20.0 percent. Field efficiency in 
the Laguna Region is assumed to be 45.0 percent. Field water 
use is generally the water measure reported in irrigation 
experiments. 
Farm water use is the quantity of water delivered to the 
farm. This is the typical measure employed when water is sold 
on a unit basis to the farm. Farm distribution losses are 
included and the benefits of concrete head ditches and other 
water saving structures and management methods are reflected. 
Farm-irrigation efficiency is about 20.0 percent lower than 
field-irrigation efficiency for medium soils. 
Reservior water released is the quantity of water re-
^Field-irrigation efficiency is the percentage of an 
application of irrigation water that is stored in the soil 
and which is available for consumptive use by crops. 
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leased from the reservoir. It reflects differences in 
reservoir to farm delivery distances and structures. Reser­
voir to farm water delivery efficiency is estimated to be 
85.0 percent in Comarca Lagunera. Thus, losses from water 
released at the reservoir until it is used by the plant are 
62.0 percent in the Laguna Region. 
Stored water includes reservoir storage losses as well 
as all application and distribution losses and plant water 
use. Differences in terms of how long water is stored for a 
given crop and various planting dates are reflected. Monthly 
water losses at Cardenas Dam vary from O.5 percent in January 
and November to 1.12 percent for water transferred from May 
to June. Yearly water losses at Cardenas Dam are 8.9 percent. 
The plant water use, field water use, farm water use and 
reservoir released water measures all give similar answers 
when employed to allocate water on a given farm. This assumes 
water has the same price regardless of when its released from 
the reservoir or delivered to the farm. The stored water 
measure will reflect storage losses not included in the other 
measures due to different planting dates and irrigation 
schedules. These losses could be reflected by differential 
pricing depending upon month of water delivery. Thus, if 
May to June water transfer losses are one percent, the price 
of June water would be one percent higher than May. Reservoir 
to farm losses could be reflected in a progressive rate as 
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the distance from the reservoir increases. 
Optimum water allocation for a selected crop 
Different production activities can allocate a given 
water supply in a number of ways. All of the water could be 
applied to only a portion of the land cultivable by the farmer, 
the water could be allocated equally over all cultivable 
hectares or some intermediate scheme could be used. Table 9.1 
shows five irrigation schemes for cotton planted in April and 
having 15O kilograms of nitrogen fertilizer. This is but a 
single slice of a response surface for selected fertilizer and 
water levels. Cotton-55 gives the maximum yield per hectare 
but the lowest net farm income per hectare-centimeter of water. 
Thus, it should be used only when water supplies are not 
limiting. Cotton activity 51 has the largest production per 
unit of water. However, its net farm income per hectare is 
less than cotton-53 because of lower production per hectare, 
hence cotton-53 has the largest net farm income per hectare-
centimeter of water. Hence, the costs of seed, fertilizer 
etc. per hectare-centimeter of water are important. Activity 
52 applies nearly the same total quantity of water but in a 
less efficient timing scheme. Cotton-54 is an intermediate 
production activity between the largest yield per hectare 
and the largest net farm income per hectare-centimeter and 
is produced when water supplies are less than unlimited but 
not sufficiently small as to require planting less than the 
Table 9.1. Production, total water applied and net farm income per hectare and 
production and net farm income per unit of water applied for selected 
cotton activities with the normal planting date and 150 kilograms of 
nitrogen 
Cotton production activities 
Characteristic 51 52 53 54 55 
Production (T/ha) 4.638 5.130 5.335 5.696 5.772 
Water applied (hacm) 
52.8 52.8 52.8 52.8 April 52.8 
May 0.0 0.0 0.0 0.0 0.0 
June 30.2 31.5 37.2 34.6 32.2 
July 30.2 63.0 37.2 69.2 64.4 
August 60.4 63.0 74.4 69.2 64.4 
September 0.0 0.0 0.0 0.0 32.2 
Total 173.6 210.3 210.6 225.8 246.0 
Production per hacm of water 
(kg/hacm) 26.7 24.4 26.5 25.2 23.5 
Net farm income per hectare 
($/ha) 6,993 7,958 8,360 9,073 9,213 
Net farm Income per hacm of water 
($/hacm) 40.28 37.84 41.47 40.18 37.45 
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total cultivable quantity of land. 
The above analysis applies when water is a fixed cost. 
When total water costs vary with the quantity used, the 
farmer equates the cost of the marginal unit of water with 
its marginal revenue. At low water prices cotton-55 would 
be grown. As the price increases production would switch to 
cotton-5^ and then to cotton-53. This is demonstrated in a 
latter section of this chapter dealing with the farmer's demand 
for water. 
Optimum water allocation between crops 
Optimum water allocation between crops employs the 
principle of equal marginal returns. When water supplies are 
limited this will be at a level above the water price. Table 
9.2 shows the hectare-centimeters of water released from 
Cardenas Dam, product prices and the net farm income per unit 
of water for the optimum planting date, fertilizer level and 
irrigation scheme of selected crops in Comarca Lagunera. 
This table assumes that there are no limited resources, thus 
cotton would provide $44.09 of net farm income per hectare-
centimeter regardless of the supply of water. Cotton is 
followed by corn, grapes and strawberries in that order. 
When resources are restricting and several planting 
dates and fertilizer levels are considered linear programming 
is a better approach to finding the optimum enterprise com­
bination. 
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Table 9.2. Reservlor water released, product price and net 
farm income per hectare-centimeter for selected 
crops in the Laguna Region assuming the mechanized 
power technology 
Re servior ' Net farm 
".'/tor Product income/unit 
rslsased price of water 
hacm/ha $/T $/hacm 
Cotton-53 20:.6 2, 500 44.09 
Corn-330 105.6 uOO 37.31 
Grapes-347 211.2 1, 000 26.51 
Strawberries-349 247.4 1, 500 22.62 
Grain sorghum-23B 
(double cropped) 185.6 620 21.34 
Safflower-165 105.7 1, 150 20.46 
Grain sorghum-197 
(single cropped) 86.8 620 14.95 
Pecans-348 221.2 5, 500 11.54 
Wheat-128 179.6 900 10.36 
Alfalfa-343 406.9 70 9.30 
Oat forage-1^15 160.5 65 1.82 
Table 9.3 preaentr; ,he optimum solution for a number of 
models using the current product and resource prices and 
resource supplies with some assumption modifications. The 
alternative assumptions show changes in the distribution of 
water (l) cotr.on prices are lowered by 20.0 percent, (2) 
hired labor price Is raised to $4.00 per hour and (3) hired 
labor is unavailable. Model 9.1 allocates all of the water 
to cotton. The 1.13 hectares of cotton generates a net farm 
Income of $9,392 and requires 80.4 hours of September hired 
labor and $5,&12 of credit. 
Table 9.3. Optimum enterprise combinations for different prices of cotton and 
hired labor and hired labor supplies assuming the mechanized power 
technology 
Model 
9.1 9.2 9.3 9.4 
Cotton price ($/T) 2,500 2,000 2,500 2,500 
Hired labor price ($/hr) 1.50 1.50 4.00 1.50 
Hired labor supply (hrs) unlim. unlim. unlim. zero 
Water supply (hacm) 233.9 233.9 233.9 233.9 
Cotton cultivated (has) 1.13 0.00 0.90 0.90 
Corn cultivated (has) 0.00 2.15 0.43 0.43 
Hired labor employed (hrs) 80.4 4.2 0.0 0.0 
Maximum capital demanded ($) 5,812 5,094 5,596 5,596 
Net fai'm income ($) 9,392 7,868 9,186 9,186 
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When the price of cotton is decreased to $2,000 per ton 
in Model 9.2, corn replaces cotton in the optimum combination 
of enterprises and only 4.2 hours of labor are hired. This 
model generates $7,868 of net farm income and requires 
$5,094 of credit and the entire water supply is allocated to 
corn. 
The last two Models, 9.3 and 9.4 show the effects of an 
increase in the price of labor and a limited supply of hired 
labor. At $4.00 per hour no labor is hired and cotton hectare-
age is limited by the supply of family and operator labor. 
Water allocation is split between cotton and corn with the 
former receiving about two-thirds of the total. The same 
optimum enterprise combination is found when the hired labor 
supply is restricted to zero. These optimum solutions, how­
ever, still generate a net farm income of $9,186 which is 
nearly 98.0 percent of that in Model 9.1. 
The above examples indicate that optimum water allocation 
is a function of product and resource prices and resource 
supplies. In short, there are interrelationships between 
factor prices, product prices and resource supplies which 
Influence the optimum allocation of all resource making the 
determination of optimum resource allocation not an easy job 
when simple guidelines such as net farm income per unit of 
water are used. 
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Regional Water Use In Comarca Lagunera 
Assuming current product and factor prices, the Laguna 
Region is a cotton monoculture. Water use, water storage 
losses, water inflows and monthly water transfers are pre­
sented in Table 9.4. Crop water use is 7,210.2 thousand 
hectare-centimeters and storage losses are 196.3 thousand 
hectare-centimeters. The total annual water supply is 
7,406.5 thousand hectare-centimeters, the sum of the previous 
two figures. Storage losses amount to about 2.7 percent of 
the quantity of water released from Cardenas Dam for cotton 
production. 
No water is transferred from July to August, indicating 
sufficient water inflow in August to meet crop requirements. 
Although optimum in terms of water allocation, the lack of 
water behind the dam may not be realistic from a recreation 
and wildlife viewpoint. Figure 9.1 shows the cost of main­
taining given minimum quantities of water behind Cardenas 
Dam. These costs occur from income not generated by the 
water lost in storage. Annual water losses amount to 8.9 
percent for water stored one complete year. At the end of 
a five year period only 62.8 percent of the initial supply 
would remain. The cost per hectare-centimeter of water 
stored annually, as indicated by the shadow price, is 
$36.55. The cost of maintaining a one year supply of water 
is slightly more than 27 million pesos. 
Table 9.4. Monthly water transfers, inflows, total water supply, crop water use, 
and storage losses for the optimum resource allocation, a cotton 
monoculture, assuming current product and resource prices and the 
mechanized power technology 
Water from Monthly Total Crop Water Water at 
previous water water water storage end of 
month Inflows supply use losses month 
Month 1,000 hacm 1,000 hacm 1,000 hacm 1,000 ha 1,000 hacm 1,000 hacm 
January 3,607.3 74.1 3,681.4 0.0 18.4 3,663.0 
February 3,663.0 57.0 3,720.0 0.0 22.7 3,697.3 
March 3,697.3 71.9 3,769.2 0.0 32.0 3,737.2 
April 3,737.2 49.6 3,786.8 1,888.5 19.4 1,878.9 
May 1,878.9 38.5 1,917.4 0.0 21.5 1,895.9 
June 1,895.9 135.5 2,031.4 1,330.4 7.6 693.4 
July 693.4 637.0 1,330.4 1,330.4 0.0 0.0 
Augus t 0.0 2,840.4 2,840.4 2,660.9 1.3 178.2 
September 178.2 3,039.6 3,217.8 0.0 17.1 3,200.7 
October 3,200.7 310.3 3,511.0 0.0 18.3 3,492.7 
November 3,492.7 51.9 3,544.6 0.0 17.7 3,526.9 
December 3,526.9 100.7 3,627.6 0.0 20.3 3,607.3 
Total 7,406.5 7,210.2 196.3 
Water storage costs 
(millions of pesos) 
30-, 
25-
15-
10-
5-
600 800 400 900 500 700 300 200 100 0 
Minimum quantity of water maintained in Cardenas Dam (millions of hacm) 
Figure 9.1. Cost to maintain given minimum water levels in Cardenas Dam assuming 
current product and resource prices and the mechanized power tech­
nology 
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Farm Water Demand 
Table 9.3 shows the quantities of water demanded by the 
ejidatario in the Laguna Region. The number of hectares 
cultivated, net farm income and the crop activity cultivated 
are also presented. These data assume the mechanized power 
technology and current resource and product prices. Four 
hectares of land and the family and operator labor supply are 
assumed. Additional labor can be hired at $1.50 per hour 
and unlimited power and credit resources are available. 
The optimum resource allocation dictates a cotton mono­
culture whenever production is undertaken. However, cotton 
production activities with different irrigation schemes enter 
as the price of water increases. At low water prices cotton-
55 is produced. This cotton production activity maximizes 
the output of cotton per hectare. At $8.00 per hectare-
centimeter this activity is replaced by cotton-54 which is an 
Intermediate enterprise between the maximum production per 
hectare and the maximum net farm income per hectare-centimeter 
of water in cotton-53. This latter activity enters when the 
price of water reaches $30.00 per hectare-centimeter. It is 
also the activity produced when water is limited in supply. 
At $42.00 per hectare-centimeter only O.91 hectares of 
cotton are cultivated and at $44.00 the hectareage is reduced 
to 0,21 hectares. Cotton production is discontinued at water 
prices of $46,00 and higher. 
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Table 9.5. Water price, quantity demanded, hectares culti­
vated, net farm income and the cotton activity 
cultivated assuming current product and resource 
prices and the mechanized power technology 
Water Water Hectares Net farm Cotton 
price demanded cultivated income activity 
$/ha hacm has $ produced 
0.00 984.0 4.00 36,850.74 55 
2.00 984.0 4.00 34,882.74 55 
4.00 984.0 4.00 32,914.74 55 
6.00 984.0 4.00 30,946.74 55 
8.00 903.2 4.00 29,061.85 54 
10.00 903.2 4.00 27,255.44 54 
12.00 903.2 4.00 25,449.05 54 
14.00 903.2 4.00 23,642.65 54 
16.00 903.2 4.00 21,836.25 54 
18.00 903.2 4.00 20,029.85 54 
20.00 903.2 4.00 18,223.45 54 
22.00 903.2 4.00 16,417.05 54 
24.00 903.2 4.00 14,610.65 54 
26.00 903.2 4.00 12 ,804.25 54 
28.00 903.2 4.00 10,997.85 54 
30.00 806.4 4.00 9,253.18 53 
32.00 806.4 4.00 7,640.38 53 
34.00 806.4 4.00 6,027.58 53 
36.00 806.4 4.00 4,414.78 53 
38.00 806.4 4.00 2,801.98 53 
40.00 806.4 4.00 1,189.18 53 
42.00 182.9 0.91 319.19 53 
44.00 41.8 0.21 3.94 53 
46.00 0.0 0.00 0.00 -
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Conclusions 
Optimum water allocation will select the activity which 
maximizes the net farm income per water unit when water 
supplies are restricted to the point that not all cultivable 
land is cropped when all other resources are unlimited. 
When water becomes "expensive" it will also be this activity 
which is produced. 
When water supplies are unlimited and cheap, production 
will move to the activity which maximizes returns to the 
limited resource, be it land, capital or labor. As the price 
per unit of water increases, marginal cost and marginal 
revenue of water are equated and some intermediate production 
activities are cultivated. 
To maximize regional net farm income the water level in 
Cardenas Dam should approach the minimum desired level some­
time during the year. Income lost from maintaining one years 
additional water in the dam is more than 27 million pesos 
annually. 
The ejidatario in the Laguna Region would need to pay 
at least $30.00 per hectare-centimeter of water to maximize 
regional net farm Income. Similarly, 806.4 hectare-
centimeters or less of water supplied to the farmer with 
four hectares of land and unlimited credit power and hired 
labor supplies would also maximize the regional net farm 
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income. For water supply and demand to be in equilibrium 
in Comarca Lagunera a water price of around $41.00 per 
hectare-centimeter is required. 
1^ 7 
CHAPTER X. ALLOCATION AND DEMAND OF POWER SERVICES 
Most of the ejldatarlos In Comarca Lagunera rent power 
resources, tractors and associated machinery, from the Banco 
Ejldal. The effects of power supply limitations upon enter­
prise combinations and resource use are explored in this 
chapter. Selected power supply levels are considered using 
custom power technology coefficients. The minimum level 
supplied is 100 thousand month hours. Ten thousand hour 
Increments are examined above this level until the power 
supply becomes unlimited. 
Results of Power Supply Limitations Analysis 
Crop enterprise combinations 
Table 10.1 shows the hectares of the various crops culti­
vated at different power supplies. At low power levels (up 
to l40 thousand month hours) strawberries are grown because 
their power use is mainly in the fall and thus does not 
compete with corn and cotton. The hectares of strawberries 
decrease as the power supply Increases with a maximum of 
4,431 hectares grown at the 100 thousand hour level. 
Corn activities 330 and 339 are both cultivated in all 
except the final or unlimited power supply solution. The 
hectares of corn increase as strawberries decrease and reach 
their maximum at 15O thousand month hours. This is the same 
point where the maximum, 42,112 hectares of land, Is cultl-
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Table 10.1. Cultivated hectares by crop and total for 
selected power supply levels 
Power supply 
(1,000 
hrs/mo) 
Cotton 
(has) 
Corn 
(has) 
strawberries 
(has) 
Total 
(has) 
100 18,228 8,299 4,431 35,389 
110 20,741 9,209 3,147 36,244 
120 23,255 10,118 1,863 37,099 
130 25,768 11,007 579 37,954 
140 28,000 11,903 0 39,903 
150 30,000 12,112 0 42,112 
160 32,000 7,892 0 39,892 
170 34,000 3,671 0 37,672 
l8of 35,765 0 0 35,765 
^Actual maximum use is 178,824 hours per month. 
vated. Beyond this level corn is replaced by cotton until 
a cotton monoculture is reached at iBO thousand month hours. 
Cotton-54 is cultivated for power supplies of less than 150 
thousand hours. This is when water is relatively less 
restricting. Cotton-53 is grown with cotton-54 at the l40 
thousand hour level and replaces cotton activity 5^ for 
larger power supplies when water is relatively more limited. 
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Regional net farm Income 
The regional net farm income, monthly shadow prices and 
marginal revenue product of the incremental changes in the 
power supply are given in Table 10.2. At the minimum power 
supply, the regional net farm income is 122.3 million pesos. 
At l80 thousand month hours the regional net farm income is 
171.6 million pesos, an increase of 40.0 percent. 
Critical months 
April and May power supplies are both limited until the 
17O-I8O power Increment. The June power supply is also 
limiting, but only until l40 thousand month hours are supplied. 
Planting and seedbed preparation of cotton and corn have high 
power demands in the spring months. Strawberries, the third 
crop in the solutions, has its high power requirements in the 
fall and thus does not compete for spring power resources. 
Monthly shadow prices 
Shadow prices for April power show a decrease from 
$778.12 to zero as the quantity of power supplied increases 
from 100 to iBO thousand month hours. The changes are rela­
tively minor until the 13O, l40 and I50 thousand month hour 
increments when the elimination of strawberries and culti­
vation of the most efficient cotton activity (with respect 
to water use) is begun. The final increments show identical 
shadow prices. This results from proportionate cotton hectare 
increases and corn hectare decreases as the power supply is 
Increased. 
Table 10.2. Regional net farm income, relevant monthly power supply shadow prices 
and marginal revenue product of power supply Increments 
Power Marginal 
supply Regional net revenue Monthly power supply shadow prices 
(1,000 farm income product April May ($/hr) June hrs/mo) (mil, pesos) (mil. pesos) ($/hr) ($/hr 
100 122.3 
10.5 
778.12 116.43 167.54 
110 132.8 
10.2 
761.67 112.98 l62.il 
120 143.1 
10.0 
745.54 109.90 156.65 
130 153.1 
6.4 
723.78 105.31 148.54 
140 159.8 
4.2 
346.42 49.70 43.05 
150 163.7 
2.8 
252.38 27.27 0.00 
160 166.4 
2.8 
252.38 25.27 0.00 
170 169.2 
2.4 
252.38 25.27 0.00 
180% 171.6 0.00 0.00 0.00 
^Actual maximum used is 178,824 hours per month. 
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The May shadow price changes in a manner similar to 
April but is considerably smaller. The June shadow price 
is fairly constant around $150 per hour until strawberries 
are discontinued. It then drops to $43.05 with the expansion 
of corn hectareage at the l40 thousand hour level and then 
falls to zero when it becomes unlimited. 
Marginal revenue product 
The change in regional net farm income per Increment of 
additional power ranges from 10.5 million pesos.for the 100-
110 thousand hour increment to 2.4 million pesos for the 
170-180 thousand hour power change. The increases in the 
regional net farm Income continually decreases as the power 
supply is increased. These marginal revenue products are the 
sums of the monthly shadow prices for power services, but 
represent the average sum of the shadow prices of the various 
months over the 10 thousand hour interval. For example,- the 
April and May shadow prices are $252.38 and $25.27 respec­
tively, for the 170 thousand hour power supply. The sum of 
these two shadow prices times ten thousand is $2,776,500 
while the marginal revenue product for the I60 to 170 thou­
sand hour interval is $2,776,520. 
Power investment considerations 
Knowledge of the marginal revenue product of power 
resources allows the estimation of the value of an additional 
tractor which provides these resources. Figure 10.1 shows 
Marginal revenue product per tractor 
($1,000)  
2001 
150-160 and 160-170 thou­
sand hour supply 
intervals 
150-
17O-I8O thousand 
hour supply 
interval 
100-
50-
200 250 300 350 400 450 500 
Hours worked per month per tractor 
Figure 10.1. Marginal revenue product per tractor of various month use hours by 
selected regional power supply increments 
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the relationship between hours worked per month per tractor 
and the marginal product of an additional tractor. For 
example, if It is estimated that an additional tractor can 
work 350 hours per month, Its marginal revenue product is 
$82,500 pesos for the 17O-I8O thousand hour power supply-
interval and $97J 200 for both the 15O-I6O and I6O-17O thou­
sand hour intervals. Thus, when the annual total costs of 
an additional tractor are less than the marginal revenue 
product shown in Figure 10.1 you are above the breakeven 
point and it is a profitable investment. 
Allocation of other resources 
Allocation of other resources is influenced when the 
power supply is restricted and regional net farm Income Is 
maximized. Most important in this group are water, labor 
and credit. 
Water allocation under conditions of power supply limi­
tations varies with the various crop enterprise combinations. 
The water supply is completely used at all power supply levels 
selected and as the supply of power increases the shadow price 
of water increases. This is because water is becoming more 
restrictive and power less. Specifically, at the minimum 
power supply level the shadow price of water Is $19.22 while 
at the 180 thousand month hour supply the shadow price is 
$39.47--an increase of more than 100.0 percent. 
Family and operator labor is not supplemented with hired 
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labor until sufficient cotton is produced that help is needed 
with harvest. At l40 thousand month hours hired labor enters 
the program. This is where the marginal value product of 
family and operator labor is $1.53. Hired labor demand 
continues to Increase as the supply of power increases and 
the proportion of cotton in the crop enterprise combination 
increases. September, however, is the only month that the 
family and operator labor supply is supplemented. 
Credit use also increases with power supply increases. 
At the minimum level only 95-9 million pesos of credit are 
required. When the power supply is unrestricted at the l80 
thousand month hour level the credit demand is 194.6 million 
pesos. Peak demand at all power supply levels is in October, 
before November cotton sales. As the power supply increases 
from its minimum level of 100 thousand month hours to the 
unlimited supply at l80 thousand month hours the shadow price 
of January capital, that is the initial level of capital that 
the ejidatario begins the production year with, increases 
from $0,051 to $0,094 reflecting the increased value of this 
resource when the power supply becomes less restricting. 
Rental Agency Implications 
In the Laguna Region the maximum income from renting 
power resources occurs at 150 thousand month hours. This is 
also the supply level of maximum hours of annual use. How­
ever, the highest regional net farm income is generated at 
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l80 thousand month hours. 
Rental Investment and Income 
Prom the viewpoint of the institution providing power 
services, less than an unlimited supply of power is desirable 
because it Increases the rental income. Table 10.3 shows 
that 28.3 million pesos of rental income are earned at the 
150 thousand month hour supply and only 26.4 million pesos 
or 93.4 percent of this when 18O thousand month hours are 
supplied. It must also be considered that 20.0 percent less 
Investment is required at the I50 thousand hour level. Hence, 
the gross returns per unit of Investment are 25.0 percent 
greater at the lower supply level. 
Regional net farm income at I50 thousand month hours Is 
163.7 million pesos while at the maximum power supply it is 
171.6 million pesos. Thus, regional net farm Income Increases 
by 4.8 percent while Investment in power resources raises 
20.0 percent and revenues from/rtstom power services drop by 
6.6 percent or 1.9 million pesos. 
Rental rates 
Doubling the rent or custom charge of power services 
would Increase farm cash costs 28.3 and 26.4 million pesos 
for power supplies of I50 and I80 thousand month hours respec­
tively. This would decrease regional net farm Income by 
15.4 and 17.4 percent. 
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Table 10.3. Annual hours of power use, custom power Income 
and their percentages of maximum use or income 
for selected power supplies 
Power supply 
(1,000 hrs/mo) 
Annual hours 
(hrs) 
of use 
(^) 
Custom power 
(mil. pesos) 
income®" 
(#) 
100 644,929 77.5 2.03 73.9 
110 676,141 81.1 2.29 78.8 
120 707,351 84.8 2.36 83.6 
130 728,566 88.7 2.50 88.5 
140 783,353 94.0 2.67 94.4 
150 830,413 100.0 2.83 100.0 
160 809,581 97.0 2.76 97.7 
170 789,476 94.7 2.69 95.3 
180 772,518 92.8 2.64 93.4 
^Custom power income is estimated as the cost of the 
custom services by operation by crop plus interest. 
Conelusions 
Any restriction in the supply of power services affects 
the optimum enterprise combination. Power supplies of less 
than 178,824 month hours decreases the marginal value product 
of labor, capital and water. When power services are limited, 
it appears profitable to Invest in additional power supplies 
(tractors) as long as their unit cost is less than $70,000. 
Maximum rental Income Is earned when less than an unlimited 
supply of power services are available but the regional net 
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farm Income is maximized when power supplies are unlimited. 
ThuSj the Banco EJidal may have conflicting goals when they 
provide both production credit and custom power services. 
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CHAPTER XI. LABOR DEMAND AND ALLOCATION 
Labor resources in Comarca Lagunera Include family and 
operator labor and hired labor. Bocause family and operator 
labor are fixed resources this section only considers hired 
labor resources. Hired labor is paid $1.50 per hour and is 
assumed to be available in all 12 months. The demand for 
hired labor is a function of the crops cultivated. The hired 
]abor demand for cotton is in September when 80.0 percent of 
the crop is harvested. Corn has its demand for hired labor 
during the harvest season also, but this is a month later in 
October. 
Maximum Hired Labor Price 
If a cotton monoculture is cultivated in the Laguna 
Region and the current cotton price, $2,500 per ton, is 
assumed the price of labor could raise to about $3.70 per 
hour without changing the resource mix. Specifically, for 
the ejidatario using the mechanized, animal and custom power 
technologies, the maximum prices labor could receive without 
changing the resource allocation are $3.70, $3.67 and $3.57 
respectively. Under all the power technologies 80.4 hours 
of September hired labor are employed. Regional, rather 
than farm solutions, give similar maximum hired labor prices 
without changing the resource mix and when the dairy enter­
prises are included the prices are increased by about 15.O 
percent. 
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The Effect of Product Prices 
The demand for hired labor is influenced by product price 
ratios. When these ratios change, enterprise combinations 
change resulting in changes in the demand for hired labor both 
with respect to hours demanded and month of demand. Reducing 
the product price can change the amount which can be paid for 
hired labor without influencing the resource mix. For example, 
when the price of cotton drops to $2,300 from $2,500 per ton, 
the maximum price hired labor can receive without changing 
the resource mix is $1.51 rather than $3.67. Table 10.1 shows 
the demand for hired labor and the price range over which this 
demand is maintained. Thus, when the price of cotton is 
$2,500 a cotton monoculture is maintained for labor prices up 
to $3.67 and 2,546,154 hours of September labor are employed. 
If the price of cotton is $2,200 no September hired labor is 
employed and not until the price of labor is dropped below 
$0.88 would cotton production expand to the point that 
September labor be hired. 
Enterprise Diversification and Hired Labor Demand 
The demand for hired labor is dependent upon the enter­
prise combination cultivated which in turn is a function of 
relative product and factor prices. Of the probable enter­
prise combinations shown in Table 11.1 only cotton and grape 
monocultures demand hired labor. About 2.55 million hours 
of September hired labor are demanded when only cotton is 
Table 11.1. Current price and demand for hired labor and the 
price range over which this demand is maintained 
for selected cotton, corn and grape prices with 
other product prices at the current price level 
for the animal power technology 
Cotton Corn Grape 
price price price 
$/T $/T $/T Month 
2,500 800 1,000 Sept. 
2,300 800 1,000 Sept. 
2,250 800 1,000 Sept. 
2,200 800 1,000 Sept. 
2,150 800 1,000 Sept. 
2,150 800 1,000 Oct. 
2,100 800 1,000 Oct. 
2,000 800 1,000 Oct. 
2,082^ 750 1,000 Oct. 
1,944b 700 1,000 Oct. 
1,931b 675 1,000 Oct. 
1,863b 650 1,000 Aug. 
1,793b 625 1.000 Aug. 
1,767b 600 1,000 Feb. 
1,664b 566% 950 Feb. 
1,562b 529b 900 Feb. 
1,503^ 509b 850c Feb. 
^The actual price is negative. 
^For price levels less than this. 
^At this set of prices strawberries and grain sorghum 
would enter the program. 
l6l 
Price range over 
Current which demand 
hired labor Quantity- is maintained 
price demanded Low High 
$/hr hrs $/hr 
1.50 2,546,154 0.00 3.67 
1.50 2,546,154 0.00 1.51 
1.50 0 0.88 inf. 
1.50 0 0.24 inf. 
1.50 0 0.C0& inf. 
1.50 0 0.51 inf. 
1.50 0 0.70 inf. 
1.50 0 0.70 inf. 
1.50 0 0.79 inf. 
1.50 0 0.79 inf. 
1.50 0 0.00& inf. 
1.50 0 0.10 inf. 
1.50 0 1.08 inf. 
1.50 1,064,615 0.00 2.14 
1.50 1,064,615 0.00 3.82 
1.50 1,064,615 0.00 2.20 
1.50 0 0.88 inf. 
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grown and 1.06 million hours of February hired labor is 
employed with a grape monoculture. Enterprise diversifica­
tion of about 10.0 percent will drop the demand to zero in 
both of these production patterns. 
Hired Labor Price Increases and Net Farm Income 
Increases in the price of hired labor are to be expected 
in the future in Comarca Lagunera. Figures 11.1 and 11.2 
show the decrease in the net farm income for price increases 
from $1.50 to $3.50 for both the ejldatario who uses 80.4 
hours of September labor and the Laguna Region which employs 
31,667 times his quantity. Doubling the labor prices from 
$1.50 to $3.00 increases the ejidatario's labor costs by 
$120.60 and that of the region by $3,990,042. 
Conclusions 
Current product and resources price woula allow the 
labor price to more than double before the resource mix and 
enterprise combination would change. A doubling of the wage 
rate would only decrease the net farm income by $120.60 or 
only slightly more than one percent. Thus, net farm Income 
and hired labor demand are quite stable for moderate wage 
rate increases. 
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Additional labor costs 
($/hr) 
200 1 
150 _ 
100 -
1.50 2.00 2.50 3.00 3.50 
Labor price ($/hr) 
Figure 11.1. Additional costs for wage rates above $1.50 
for the ejidatarlo growing 1.13 hectares 
of cotton 
Additional labor costs 
($l,000/yr) 
6,000 -I 
4,000 -
2,000 .  
1.50 2.00 3.00 
Labor price ($/hr) 
Figure 11.2. Additional costs for wage rates above $1.50 
for a cotton monoculture in the Laguna 
Region 
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CHAPTER XII. DEMAND AND ALLOCATION OF CAPITAL 
Capital and its purchasable component credit are the 
second most limiting resource for the majority of the 
ejidatarios in Comarca Lagunera. The Banco Ejidal charges 
one percent per month for its production loans and private 
suppliers are able to receive up to four or five times this 
rate when credit supplies are short. 
The first part of this chapter considers the regional 
demand for capital and credit and the resource allocation and 
enterprise combination for selected credit supplies. The 
second half of the chapter views these same propositions from 
the ejldatarlo level. 
Regional Capital Demand and Allocation 
Assuming that each ejldatarlo has $250 of initial capital 
the Laguna Region requires an additional $93;375,837 of credit 
for the optimum enterprise combination. When this quantity 
of credit is provided a cotton monoculture is cultivated and 
the farmers maximize the returns to their most limited 
resource, water. With lesser quantities of credit corn, 
grapes and strawberries are included in the optimum enter­
prise combinations. Table 12.1 gives the optimum resource 
allocation and enterprise combination for selected credit 
levels assuming current prices and the animal power technol­
ogy. The credit Increments are $7,916,750 or $250 for each 
Table 12.1. Characteristics of optimum resource allocation 
solutions for selected regional credit supplies 
assuming current prices and the animal power 
technology 
Characteristics 0 7,916,750 
Regional net farm income ($) 266,588,247 270,699,902 
Cotton-53 (has) 24,399 25,456 
Corn-312 (has) 2,857 2,553 
Grapes-347 (has) 2,620 2,709 
Strawberries-349 (has) 5,494 4,726 
Total land cultivated (has) 35,370 35,444 
Hired labor (hrs) 
Sept. 0 0 
Initial capital ($) 7,916,750 7,916,750 
Credit ($) 
Apr. 0 0 
May 0 0 
June 0 0 
July 0 7,916,750 
Aiug. C) 7,9].6,75i(] 
Sept. 0 7,331,929 
Oct. 0 7,916,750 
MVP water ($/hacm) 
July 37.82 37.82 
MVP family and operator labor ($/hr) 
Sept. 0.00 0.00 
MVP credit ($/$) 
July 0.04 0.04 
Aug. 0.19 0.19 
Oct. 0.30 0.29 
MVP Initial capital ($/$) 0.57 0.57 
166 
Credit level 
15,833,500 23,750,250 31,667,000 39,583,750 
274,712,097 
26,504 
2,263 
2,798 
3,966 
35,531 
278,432,641 
27,527 
1,993 
2,884 
3,208 
35,612 
281,795,265 
28,518 
1,779 
2,967 
2,456 
35,720 
285,063,694 
29,501 
1,568 
3,050 
1,710 
35,829 
7,916,750 
119,784 
7,916,750 
0 
6,275,559 
15,833,500 
15,833,500 
15,116,190 
15,833,500 
0 
2 ,402,583 
13,753,758 
23,750,250 
23,750,250 
22,905,282 
23,750,250 
37.84 35.34 
0.00 1.87 
0.03 
0.19 
0.29 
0.05 
0.15 
0.23 
0.57 0.50 
380,028 
7,916,750 
638,101 
7,916,750 
509,075 
9,526,625 
21,243,081 
31,667,000 
31,667,000 
30,700,101 
31,667,000 
7,279,824 
16,655,681 
28.735.285 
39,583,750 
39,583,750 
38.495.286 
39,583,750 
35.39 
1.87 
35.39 
1.87 
0.05 
0.15 
0.23 
0.05 
0.15 
0.23 
0.51 0.51 
Table 12.1. (Continued) 
Characteristics 47,500,500 55,417,250 
Regional net farm "Income ($) 288,332,123 291,600,552 
Cotton-53 (has) 
Corn-312 (has) 
Grapes-347 (has) 
Strawberries-349 (has) 
Total land cultivated 
Hired labor (hrs) 
Sept. 
Initial capital ($) 
Credit ($) 
Apr. 
May-
June 
July 
Aug. 
Sept. 
Oct. 
MVP water ($/hacm) 
July 
MVP family and operator labor ($/hr) 
Sent. 1.87 
30,483 
1,356 
3,133 
962 
(has) 35,934 
896,173 
7,916,750 
14 ,050 ,573 
23,784,737 
36,227,488 
47,500,500 
47,500,500 
46 ,290,472 
47,500,500 
35.39 
MVP credit ($/$) 
July 
Aug. 
Oct. 
0.04 
0.15 
0.23 
31,466 
1,145 
3,215 
216 
36,042 
1,154,246 
7,916,750 
20,821,322 
30,913,793 
43,719,692 
55,417,250 
55,417,250 
54,085,657 
55,417,250 
35.39 
1.87 
0.04 
0.15 
0.23 
MVP initial capital ($/$) 0.51 0.51 
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Credit level 
63,334,000 71,250,750 79,167,500 87,604,250 
294,569,015 
32,432 
3,481 
1,228 
0 
37,l4l 
1,521,088 
7,916,750 
23,601,872 
33,697,947 
43,744,880 
55,544,348 
63,334,000 
62,176,537 
63,334,000 
35.90 
1.87 
0.00 
0.13 
0.23 
0.45 
296,326,484 
33,340 
4,111 
0 
0 
37,451 
1,842,060 
7,916,750 
23,678,990 
33,804,044 
42,166,649 
54,120,589 
66,834,737 
70,076,668 
71,250,750 
37.32 
1.87 
0.00 
0.00 
0.23 
0.31 
298,634,506 
34,208 
2,640 
0 
0 
36,848 
2,093,997 
7,916,750 
22,937,641 
33,221,903 
41 ,696,803 
53,946,176 
66,961,773 
77,738,672 
79,167,500 
37.32 
300,442,528 
35,075 
1,169 
0 
0 
36 ,244 
2 ,345,935 
7,916,750 
22,196,293 
32,639,761 
41 ,226,956 
53,771,764 
67,088,809 
85 ,400 ,675 
87 ,684,250 
37.32 
1.87 
0.00 
0.00 
0.23 
0.31 
1.87 
0.00 
0.00 
0.23 
0.31 
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Table 12.1, (Continued) 
Credit level 
Characteristics unlimited 
Regional net farm income ($) 301,879,402 
Cotton-53 (has) 35,765 
Corn-312 (has) 0 
Grapes-347 (has) 0 
Strawberries-349 (has) 0 
Total land cultivated (has) 35,765 
Hired labor (hrs) 
Sept. 1,546,155 
Initial capital ($) 7,916,750 
Credit ($) 
Apr. 21,607,128 
May 32,177,121 
June 40,853,560 
July 53,633,154 
Aug. 67,189,768 
Sept. 91,489,832 
Oct. 93,375,837 
MVP water ($/hacin) 
July 41.19 
MVP family and operator labor ($/hr) 
Sept. 1.53 
MVP credit ($/$) 
July 0.00 
Aug. 0.00 
Oct. 0.00 
MVP initial capital ($/$) O.O7 
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of the 31,667 ejldatarlos in the Laguna Region. It is 
assumed that each ejldatario has an initial capital supply 
of $250, thus the regional initial capital supply is 
$7,916,750. 
When only the initial capital supply is available, the 
Laguna Region grows 24,399 hectares of cotton. This crop is 
supplemented with nearly 5,500 hectares of strawberries and 
about 2,700 hectares of both corn and grapes. This crop 
combination distributes the labor supply so that no supple­
mentary hired .".abor is required. Because family and operator 
labor is not exhausted its shadow price or marginal value 
product is zero. Cotton requires most of its capital in the 
spring when the crop is planted and some during the picking 
season, however, cotton sales are not until November. The 
cash flow pattern of corn Is similar to that of cotton. 
Grapes are sold in the late summer months providing capital 
to cover the cotton and corn harvesting expenses. The winter 
pruning costs of grapes and the spring production costs of 
cotton, corn and grapes are covered by the initial capital 
supply and supplemented with strawberry receipts. Water is 
not in excess and has a shadow price of $37.82 for each addi­
tional hectare-centimeter supplied in July. An additional 
peso of January initial capital Is worth $0.57. The majority 
of this is from the $0.30 and $0.19 shadow prices for credit 
in August and October, respectively. The remainder Is from 
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the July credit shadow price and Interest costs In the months 
when the supply of capital is limited. 
The hectareage of strawberries declines with additional 
Increments of credit until the crop is dropped from the enter­
prise combination with the seventh credit increment. At this 
point the initial capital supply and the credit provided is 
large enough to cover the spring production costs of cotton, 
corn and grapes. Grape hectareage expands as the hectares of 
strawberries declines and is the largest when the strawberry 
hectareage reaches zero. When the supply of credit expands 
beyond this point, the hectareage of grapes declines rapidly 
and is eliminated from the program when 71 million pesos of 
credit are supplied. 
Corn hectareage also decreases with decreases in the 
hectareage of strawberries and is only 1,145 hectares when 55 
million pesos of credit are supplied. The hectares of corn 
then Increases as grape hectareage decreases. Credit supply 
increases above 71 million pesos allow for the decrease in 
the hectares of corn cultivated until a cotton monoculture 
is established with 93.4 million pesos of credit. Cotton 
hectareage expands over the entire range of credit supply 
increases. 
No hired labor is employed until the cotton hectareage 
is expanded to the point that operator and family labor is 
unable to harvest all of the crop in September. This point Is 
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reached when the third increment of credit is supplied. The 
quantity of hired labor continues to expand with the expansion 
of the cotton hectareage. The marginal value product of 
family and operator labor is $1.87 when hired labor is 
employed and credit is limited. When credit becomes unre­
stricted it drops to $1.53. 
The marginal value product of water ranges from $35.3^ to 
$41.19. The high value is reached when there is an unlimited 
supply of credit. The low shadow price is when the third 
increment of credit is added and cotton hectareage is expanded 
to the point that September hired labor is employed. 
The shadow price of initial capital is about $0.57 until 
the cotton hectareage is expanded to the point that hired 
labor is employed. The resulting increase in the shadow price 
of family and operator labor decreases the marginal value 
product of January capital to $0.51. VJhen strawberries are 
dropped from the enterprise combination at 63.3 million pesos 
the shadow price of January capital drops to $0.45. An addi­
tional peso of initial capital is worth $0.31 after the ninth 
increment of credit is supplied and it remains at this level 
until credit is unrestricted. 
The regional net farm income of Comarca Lagunera in­
creases from 266.6 to 301.8 million pesos as the credit supply 
expands from zero to unlimited. The 93.4 million peso credit 
supply generates a regional net farm Income of 113.2 percent 
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of the zero credit supply regional net farm income. 
Resovii-ce allocation and enterprise combinations vary 
with changes in product and fac'.oi* prices. Table 12.2 ;;hows 
these chaructorisi-.icn for a six credit love] program assuming 
the mechanized povjer technology. The value of corn and 
sorghum stover is $100 per ton rather than $20 and hired 
labor is raised 20 percent to $1.80 per hour. The initial 
capital supply is assumed to be $15,833,500 or $500 per 
ejldatario. 
All solutions combine cotton and one or more corn activ­
ities. The solutions with the smaller credit supplies have a 
majority of the cultivated hectares in corn activity 338 which 
is a 120 day variety using 80 kilograms of fertilizer planted 
in July. As the supply of capital increases the total corn 
hectareage decreases and cotton increases. Also, there is a 
shifting from corn activity 338 to 312 and 339 and finally 
330. Ther;<'; latt&r corn activities all use l60 kilograms of 
nitrogen, ./ith unlimited credit, 28,599 hectares of cotton 
and 13,637 hectares of corn activity 330 are cultivated. 
None of the so lut. ion s require hired labor and although 
all the family and >):>.,rn,tor labor is employed in September 
its shadow price is on.l.y $1.^5 when credit is unlimited. The 
marginal value product of water increases from a low of $40.14 
when only I5.8 million pesos of initial capital is available 
to $42.61 when credit is unlimited. 
Table 12.2. Characteristics of optimum resource allocation 
solutions for selected regional credit supplies 
assuming $100 per ton for corn and sorghum 
stover, $1.80 per hour for hired labor and the 
mechanized power technology 
Characteristics 0 15,033,500 
Regional net farm income ($) 
Cotton-53 (has) 
Corn-312 fhasj 
Corn-338 (has' 
Gorn-339 (has] 
Corn-330 (has 
Total land cultivated (has) 
Hired labor (hrs) 
Sept. 
Initial capital ($) 
Credit ($) 
Apr. 
May-
June 
July 
Aug. 
Sept. 
Oct. 
MVP water ($/hacm) 
July 
MVP family and operator labor ($/hr) 
Sept. 
MVP credit ($/$) 
Aug. 
Sept. 
Oct. 
286,759,889 294,745,841 
5,904 
1,504 
61,095 
0 
0 
68,503 
0 
15,833,500 
0 
0 
0 
0 
0 
0 
0 
40.14 
0 
0.32 
0.20 
14,728 
2,372 
41,409 
0 
0 
58,509 
0 
15,833,500 
0 
0 
0 
7,943,153 
15,833,500 
15,833,500 
15,145,395 
40.15 
0 
0 
0.31 
0.19 
0 
MVP initial capital ($/$) 0.54 0.55 
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Credit level 
31,667,000 47,500,500 63,334,000 unlimited 
302,626,487 308,512,657 310,876,384 311,471,447 
21,980 27,880 28,521 28,599 
3,092 3,192 777 0 
14,349 0 0 0 
10.872 6,467 0 0 
0 5,586 12,913 13,637 
50,293 43,125 42,211 42,236 
0 0 0 0 
15,833,500 15,833,500 15,833,500 15,833,500 
0 0 1,829,242 1,283,142 
0 8,391,671 10,555,577 10,008,522 
0 19,480,548 26,757,653 26,704,143 
21,906,833 34,348,938 37,647,475 37,662,086 
31,667,000 45,626,889 49,172,012 49,234,458 
31,667,000 47,500,500 61,956,998 65,566,948 
30,956,114 47,224,348 63,334,000 67,412,315 
40.17 41.17 41.27 42.61 
0 1.12 1.16 1.45 
0.30 0 0 0 
0.19 0.16 0 0 
0 0 0.16 0 
G.55 0.24 0.23 0.07 
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January capital has a shadow price of $0.54 when no 
credit is available and stays at about this level for two 
credit increments. When 47.5 million pesos of credit are 
supplied the marginal value product of January capital drops 
to $0.24 and then to $0.23 with the next Increment until 
credit Is unlimited and its shadow price is $0.07. 
The regional net farm income is 286.8 million pesos when 
no redit is supplied. With unlimited credit it is 108.6 per­
cent of the low value or 311.5 million pesos. 
Farm Capital Demand and Allocation 
The demand and allocation of capital for the farm is con­
sidered in this section. The data presented assumes farm 
levels of labor, water and land resources. Power supplies, 
regardless of the technology, are unrestricted and no minimum 
monthly living allowance is provided. The supply of initial 
capital and credit is varied. 
Table 12.3 presents resource allocation and crop combi­
nations for selected credit levels in $250 increments. It 
is assumed that the ejidatarlo has no initial capital and 
uses the mechanized power technology. No Intermonth capital 
transfers are allowed. This assumption is realistic if the 
family spends all of its net farm income as it is received. 
When only $250 of credit are provided no less than eight 
different cropping activities are required to maximize net 
farm income. Corn-338 however, accounts for 72.0 percent of 
Table 12.3. Characteristics of optimum resource allocation 
solutions for selected farm credit supplies for 
farms with no initial capital and assuming the 
mechanized power technology and no intermonth 
capital transfers 
Credit level 
Characteristics 25O 500 750 1,000 
Net farm income ($) 
Cotton-53 (has) 
Safflower-156 fhasl 
Safflovjer-165 (has) 
Sorghum-198 (has) 
Corn-275 (has] 
Corn-311 (has' 
Corn-312 (has 
Corn-338 (has. 
Grapes-347 (has) 
Strawberries-349 (has) 
Total land cropped 
(has) 
Hired labor (hrs) 
Sept. 0.0 0.0 0.0 0.0 
Credit ($) 
7,589 8 J 086 8,583 8,947 
0.192 0.455 0.718 0.884 
0.079 0.094 0.109 0.088 
0.093 0.051 0.009 0.000 
0.119 0.121 0.123 0.107 
0.000 0.000 0.000 0.017 
0.011 0.020 0.030 0.000 
0.000 0.000 0.000 0.043 
1.455 0.889 0.323 0.001 
0.040 0.058 0.075 0.076 
0.010 0.011 0.012 0.011 
1.999 1.699 1.399 1.227 
Apr. 145 307 469 586 
May 250 500 750 909 
June 250 500 750 1,000 
1,000 July 250 500 750 
Aug. 250 500 750 1,000 
Sept. 240 480 721 966 
Oct. 250 500 750 1,000 
MVP water ($/hacm) 
32.41 32.41 32.41 37.77 
MVP family and operator 
labor ($/nr) 
Sept. 0.00 0.00 0.00 0.00 
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Credit level 
1,250 1,500 1,750 27ÔUÔ 2,250 275^0 2T75D unllm. 
9,119 
0.920 
0.039 
0.000 
0.096 
0.000 
0.000 
0.034 
0.001 
0.092 
0.010 
1.192 
10.6 
600 
913 
1,202 
1,250 
1,250 
1,213 
1,250 
35.10 
1.85 
9,284 
0.956 
0.000 
0.000 
0.064 
0.024 
0.000 
0.053 
0.001 
0.080 
0.008 
1.186 
23.4 
636 
942 
1,341 
1,500 
1,500 
1,463 
1,500 
35.42 
1.84 
9,434 
0.991 
0.000 
0.000 
0.000 
0.000 
0.000 
0.048 
0.001 
0.092 
0.065 
1.137 
35.7 
643 
957 
1,348 
1,716 
1,750 
1,709 
1,750 
36.07 
1.84 
9,568 
1.025 
0.000 
0.000 
0.000 
0.000 
0.000 
0.145 
0.000 
0.011 
0.003 
1.184 
49.5 
689 
1,001 
1,276 
1,646 
2,000 
1,967 
2,000 
36.30 
1.84 
9,644 
1.054 
0.000 
0.000 
0.000 
0.000 
0.000 
0.127 
0.000 
0.000 
0.000 
1.181 
58.3 
729 
1,046 
1,311 
1,689 
2,093 
2,213 
2,250 
39.06 
1.86 
9,698 
1.082 
0.000 
0.000 
0.000 
0.000 
0.000 
0.081 
0.000 
0.000 
0.000 
1.163 
66.3 
710 
1,032 
1,300 
1,688 
2,100 
2,455 
2,500 
39.06 
1.86 
9,752 
1.109 
0.000 
0.000 
0.000 
0.000 
0.000 
0.035 
0.000 
0.000 
0.000 
1.144 
74.3 
691 
1,018 
1,290 
1,687 
2,108 
2,697 
2,750 
39.06 
1.86 
9,793 
1.129 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.129 
80.4 
677 
1,008 
1,282 
1,686 
2,114 
2,881 
2,941 
42.46 
1.53 
Table 12.3. (Continued) 
Credit level 
Characteristics 25Ô $00 750 1,000 
MVP credit ($/$) 
May- 1. 25 1, .25 1. 25 0.00 
June 0. 15 0, .15 0, 15 0.04 
July 0. 00 0, .00 0. ,00 0.09 
Aug. 0. 31 0. 31 0. 31 0.38 
Sept. 0. 00 0, .00 0. ,00 0.00 
Oct. 0. 29 0, .28 0. ,28 0.27 
MVP capital ($/$) 
Feb. 0. 35 0, .35 0. 35 0.38 
Apr. 2. 11 2. ,11 2, 11 0.89 
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the cropped hectares. Ten percent of the hectareage Is cotton 
and the remainder includes small amounts of safflower, sorghum, 
grapes and strawberries. Although it is unrealistic to ex­
pect that an ejidatario would be so diversified, the solution 
suggests the complexity of capital allocation when net farm 
income is maximized. No hired labor is employed and the full 
$250 of credit is used in five of the production months. The 
marginal value product of an additional pesos of initial 
capital is $2.11 and the shadow price of May credit is $1.25. 
Water has a marginal value product of $32.41. The net farm 
income is $7^589 or about 77.0 percent of that when credit is 
unlimited. 
Increases in the supply of credit increase the hectare-
age of cotton grown. With $250 of credit only O.192 hectares 
of cotton are grown but unlimited credit supplies allows for 
a cotton monoculture with 1.129 hectares of cotton. Safflovjer 
production decreases with increases in the supply of credit 
and is not produced when $1,500 or more of credit are avail­
able. The winter planting and spring harvest and sales of 
safflower provides a balancing of the capital demand. Grain 
sorghum and grapes increase in production for three or four 
increments of credit then decrease and are not produced 
after $2,000 of credit are supplied. These two crops replace 
safflower in the program at higher credit supplies and also 
balance the credit demands of the set of cropping activities 
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for higher credit levels. Strawberry hectareage also expands 
and contracts in the pattern of grain sorghum and grapes. 
Corn production is spread between four activities. At 
low credit supplies corn-338 is produced. This 120 day-
variety is planted in July and used 80 kilograms of nitrogen 
fertilizer. The hectareage of this activity declines as 
grapes; grain sorghum and strawberries expends and is less 
than one-tenth of a hectare after the third credit increment. 
Corn-312 replaces corn-338 at higher credit supplies. This 
corn activity is also a 120 day variety but is planted in 
April and uses l60 kilograms of nitrogen. It is corn-312 
v/hich expands when grapes are reduced in the program and is 
the only crop produced with cotton in the last four credit 
increments. 
No hired labor is employed until $1,250 of credit is 
supplied. The 0.920 hectares of cotton produced at this 
credit level requires 10.6 hours of September hired labor. 
The quantity of hired labor expands with increases in the 
hectareage of cotton until 80.4 hours are employed with 
unlimited credit. The shadow price of September family and 
operator labor is about $1.85 when September hired labor is 
employed and credit is limiting. Uhen credit is no longer 
restricting the marginal value product of September family 
and operator labor drops to $1.53. 
As the supply of credit increases beyond $1,500, credit 
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Is only limiting in August and October and in the last four 
Increments only in October. The marginal value product of 
credit is $1.25 in May until $750 are supplied. August has 
the highest shadow price for the $1,250 to $2,000 range, 
$0.38 to $0.30. Between $1,250 and unlimited credit, the 
shadow price of October credit is about $0.22. When the 
supply of credit becomes unlimited, the shadow price drops 
to zero. 
The marginal value product of an additional peso of April 
capital is $2.11 until $750 of credit are supplied. Between 
$2,000 and unlimited credit supplies an additional peso of 
April capital is worth $0.30. The February capital shadow 
price is higher than the April capital shadow price during 
the last four credit increments because only corn and cotton 
are grown. 
The previous model assumes that no intermonth capital 
transfers are made. Thus, Income from sales of one crop 
cannot be used to finance the production costs of a second. 
Table 12.4 presents data from a model where intermonth 
capital transfers arc possible in all months except December-
January. The nontran.ifer of December capital prevents self-
financing production. Thus cotton production costs in the 
spring are not financed by November cotton sales. Initial 
capital or January capital in this case provides for a 
certain quantity of capital to be transferred between crop 
years. 
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Table 12.4. Characteristics of optimum resource allocation 
solutions for selected farm credit supplies 
for farms with $$00 of initial capital and 
assuming the mechanized power technology and 
no December-January intermonth capital transfers 
Characteristics 
Credit level 
0 500 1,000 1,500 2,000 unlim, 
Net farm income ($) 8,927 9,169 9,399 9,618 9,741 9,830 
Cotton-53 (has) 0.837 0.902 0.966 1.030 1.085 1.129 
Corn-312 (has) 0.176 0.169 0.162 0.156 0.075 0.000 
Stravjberries-349 
(has) 0.075 0.050 0.027 0.003 0.000 0.000 
Total land cropped 
(has) 1.088 1.121 1.155 1.189 1.160 1.129 
Hired labor (hrs) 
Sept. 0.0 17.2 34.3 51.2 67.3 80.4 
Credit ($) 
Apr. 0 0 0 183 207 176 
May 0 0 55 490 525 502 
June 0 0 295 745 788 771 
July 0 156 632 1,109 1,172 1,170 
Aug. 0 500 1,000 1,500 1,581 1,593 
Sept. 0 487 981 1,474 1,959 2,355 
Oct. 0 500 1,000 1,500 2,000 2,410 
MVP water ($/hacm) 
July 39.45 36.87 36.96 37.02 39.06 42.46 
MVP family and 
operator labor 
($/hr) 
1.84 1.85 1.86 Sept. 0.00 1.85 1.53 
MVP credit ($/$) 
May 0.00 0.00 0.00 0.00 0.00 0.00 
June 0.00 0.00 0.00 0.00 0.00 0.00 
July 0.00 0.00 0.00 0.00 0.00 0.00 
Aug. 0.29 0.27 0.24 0.22 0.00 0.00 
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Table 12.4. (Continued) 
Credit level 
Characteristics 0 $00 1,000 1,500 2,000 unlim. 
MVP credit ($/$) cont. 
Sept. 0.00 0.00 0.00 0.00 0.00 0.00 
Oct. 0.28 0.21 0.21 0.21 0.22 0.00 
MVP capital ($/$) 
Jan. 0.59 0.52 0.52 0.53 0.30 0.0? 
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Only cotton, corn and strawberries are produced when 
Intermonth capital transfers are allowed. Cotton hectareage 
increases with each credit increment and 1,129 hectares of 
cotton is produced when credit is not limiting. Corn is 
produced in all but the last credit increment but declines 
with cotton production increases. Strawberries are grown in 
rather small quantities until $2,500 of credit are supplied. 
Strawberry sales in January and February are used to help 
finance cotton and corn production. The net farm incomes in 
this model are somewhat larger than those of the first farm 
credit model because of the $500 of January capital. When 
no credit is available, the shadow price of January capital 
is $0.59. This drops to $0.52 when $500 to $1,500 of credit 
are supplied. The shadow price of January capital is $0.30 
when $2,000 of credit are provided and drops to $0.07 when 
credit supplies are unlimited. 
Resource allocation and enterprise combinations are 
affected by the month of no capital transfers. In the 
previous model capital could not be transferred from December 
to January. This allowed strawberries, vjhich have their 
production costs in the fall, to be produced and the crop 
sold before these production costs are covered. Table 12.5 
presents a model where capital is transferred between all 
months except March and April. Thus, capital from strawberry 
sales cannot be used to finance the spring and summer produe-
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Table 12.5. Characteristics of optimum resource allocation 
solutions for selected farm credit supplies 
for farms with $100 of initial capital and 
assuming the mechanized power technology and 
no March-April intermonth capital transfers 
Credit level 
Characteristics 500 1,000 1,500 2,000 2,500 unlim, 
Net farm income ($) 8,407 9,122 9,417 9,634 9,742 9,804 
Cotton-53 (has) 0.575 0.925 0.987 1.044 1.098 1.129 
Safflower-156 (has) O.O87 0.071 0.000 0.000 0.000 0.000 
Sorghum-198 (has) 0.247 0.111 0.045 0.000 0.000 0.000 
Corn-311 (has! 0.092 0.000 0.000 0.000 0.000 0.000 
Corn-312 (has) 0.000 0.025 0.032 0.145 0.053 0.000 
Corn-338 (has) 0.707 0.000 0.000 0.000 0.000 0.000 
Grapes-347 (has) 0.000 0.091 0.099 0.000 0.000 0.000 
Total land cropped 
(has) 1.708 1.223 1.163 1.189 1.151 1.129 
Hired labor (hrs) 
Sept. 0.0 9.4 32.6 55.2 71.2 80.4 
Credit ($) 
Apr. 278 493 534 591 555 534 
May 500 820 849 905 879 864 
June 500 1,000 1,271 1,167 1,148 1,137 
July 262 1,000 1,500 1,540 1,540 1,539 
Aug. 500 1,000 1,500 1,940 1,956 1,966 
Sept. 486 964 1,460 1,967 2,451 2,732 
Oct. 500 1,000 1,500 2,000 1,500 2,790 
MVP water ($/hacm) 
July 32.98 35.51 36.59 39.13 39.13 42.48 
MVP family and 
operator labor 
($/hr) 
1.85 1.84 1.86 1.86 Sept. 0.00 1.53 
MVP credit (A/A) 
May 1.23 0.00 0.00 0.00 0.00 0.00 
June 0.24 0.16 0.00 0.00 0.00 0.00 
July 0.00 0.00 0.04 0.00 0.00 0.00 
Aug. 0.20 0.29 0.25 0.00 0.00 0.00 
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Table 12.5 (Continued) 
Credit level 
Characteristics 1,000 1,500 2,000 2,500 unllm. 
MVP credit ($/$) cont. 
Sept. 0.00 0.00 0.00 0.00 0.00 0.00 
Oct. 0.29 0.21 0.21 0.22 0.22 0.00 
IWi apital ($/$) 
Apr. 2.08 0.77 0.59 0.30 0.30 0.07 
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tlon costs of other crops. Seven production activities are 
used in this model including three corn activities. The 
resource allocations and enteiprice combinations of this 
model are lar to those of the model without intermonth 
capital transfers. The net farm incomes are a little larger 
than those for the first farm credit model because of the 
$100 of initial capital. 
Conclusions 
Resource allocation and interprise combinations depend 
upon assumptions regarding intermonth capital transfers. 
Ideally this problem is solved with recursive programming 
procedures when capital surplus from one year is transferred 
to the next year. When this is not done, resulting inter­
pretations must reflect the specific intermonth capital 
transfers. Regardless of the model used, the marginal value 
product of initial capital is at least $0.23 until credit 
is unlimited. 
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CHAPTER XIII. PRODUCTION GUIDELINES AND POLICY 
The major thrust of this study is embodied in the 
question, "How can the standard of living of the ejidatarios 
in Comarca Lagunera be improved?" Production guidelines for 
the ejidatario in the present setting are suggested and 
resource allocation and other policy recommendations are made 
in this chapter. 
Production Guidelines 
Both individual ejidatario and regional models indicate 
that a cotton monoculture should be cultivated in the Laguna 
Region under current price ratios to maximize net farm income 
when irrigation water is limited and unrestricted supplies 
of labor, capital and power services are available. The 
models indicate that the cotton cultivated should receive I50 
kg/ha of nitrogen fertilizer and niaximize cotton production 
per unit of water. 
All optimum crop combinations depend upon relative 
prices. Assuming all other prices are maintained, the maxi­
mum amount of cotton which an ejidatario can cultivate with­
out hired labor should be grown when the price of cotton is 
greater than $2,I80 per ton. If the price is above $2,300 
per ton, hired labor should also be employed. The remaining 
water, if any, should be used In corn production. 
To be competitive with $2,500 per ton cotton, the current 
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price of corn which is about 25.0 percent above the world 
market would need to be an additional 10.0 percent higher. 
Similarly, the price of grapes would need to increase from 
$1,000 to $1,270 per ton. Strawberry and safflower prices 
would need to increase 43.0 and 85.0 percent respectively 
and all other crops included in this study would require even 
higher price increases. Each hectare of oat forage planted 
would result in $6,880 of reduced income and a hectare of 
pecan trees has an opportunity cost of $6,020. 
If capital is limited, then the cotton monoculture is not 
the optimum crop combination. When only two-thirds of the 
optimum capital level is supplied, production is divided 
between cotton and corn with about I5.O percent of the 
hectareage in corn. As the supply of capital approaches the 
unlimited level the hectareage of corn decreases relative to 
the capital supply increases. The marginal value product of 
capital at two-thirds of the optimum supply level is $0.30 
per peso. 
If the hired labor supply does not meet the demand for 
a cotton monoculture, corn replaces cotton to the degree 
necessary. The price of hired labor can more than double 
without influencing the optimum crop combination. When no 
hired labor is available, the marginal value product of labor 
is more than $4.30 per hour. 
If custom power services are limited in the custom power 
192 
technology, modifications of the optimum cropping pattern also 
result. For power supplies 80.0 percent of the unlimited 
level, corn and cotton are both produced. At the 80.0 per­
cent supply level, 30.0 percent of the cropped hectares are 
corn and the marginal value product of an additional hour of 
power services is about $440. 
In general, the ejidatario would expect to maximize his 
net farm income when a cotton monoculture is produced under 
current price ratios. When moderate resource limitations 
occur, corn should supplement cotton. Special individual 
conditions may modify these guidelines. For example, when an 
ejidatario has an established watermelon market, a vineyard 
or an orchard these crops may give him a higher net farm 
income. For the majority, however, net farm Income can be 
improved by following these guidelines. Of course, when 
price ratios change, the guidelines may be expected to shift. 
Resource Allocation Policy Recommendations 
Regional water allocation, to follow the equality ideals 
of the eJidal system, should allocate the same quantity of 
water to the farm gate of each ejidatario. Management help 
for v/ater allocation between crops and for a given crop could 
be provided by the Banco Ejidal in conjunction with their 
production loans with technical Information being provided 
by CIANE and SRH. 
Intertemporal allocation of the water supplies collected 
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In Cardenas Dam maximize net farm income to the ejidatarios 
when they are allocated in the crop year In which they are 
stored. This is in contrast to the current policy which 
releases an average water supply each year. Income sacrificed 
from water lost in maintaining an additional average years 
water supply in the dam is more than 27 million pesos annually, 
Put another way, if double the average water inflow occurred 
in year one, and only 30.0 percent of the average in year 
five, the intermediate years being average, the opportunity 
cost of using the 70.0 percent of the remaining "extra" water 
from year one in year five vjould be l60 million pesos or 
between 50.0 and 60.0 percent of the expected annual regional 
net farm income. Other resource limitations, especially 
capital and power, may require that an upper limit be placed 
on water released, but in any event it should be released as 
soon as production resources allow. 
If this type of intertemporal water allocation scheme is 
adopted, ejidatario income variation would be much greater. 
This could be resolved if some portion of large water years 
income is taxed and then returned during small water years. 
For example, if SRH would charge $30.00/hacm for all water 
supplied above the average, this income could be used for 
income compensation in the small water years and the Interest 
would pay for administrative costs. Also, since the extra 
water is not a fixed cost, the ejidatario would have an 
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Incentive to make the best economic allocation of this 
resource. This approach would allow the maintenance of the 
low fixed price of water during less than or average water 
supply years and the per unit cost of the extra water would 
be an additional incentive to make the best possible economic 
water allocation. 
Production credit or working capital must not be limiting 
if net farm income is to be maximized. If supply restraints 
are imposed upon the Banco Ejidal the limited supply should be 
allocated so that the marginal returns to the various 
ejidatarlos are equated if the regional net farm income is 
to be maximized. Whenever capital is restricted the marginal 
value product of another peso is at least $0.23 in the 
Laguna Region. 
Allocation of capital between working (crop production) 
and intermediate (dairy enterprise investment) uses depends 
upon the relative rates of return for the two uses. This 
study suggests that the dairy enterprise has a return of at 
least 55.0 percent when just investment in livestock^ build­
ings and equipment is considered and less than five hundred 
120 cow herds are developed in the ejidal sector of the 
Laguna Region. This is greater than the return experienced 
for working capital in crop enterprises except for very low 
levels of regional credit (less than 20 million pesos). 
Instant expansion of the dairy industry should not be 
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expected because It takes time for the relatively small number 
of herds to provide the new production stock. Also, there 
appears to be a lack of interest by the ejldatarlos to enter 
the dairy industry. The predicted demand for milk, especially 
in Mexico City should increase the price of milk in the near 
future and make the returns and thus the industry more 
attractive. 
Custom power services are provided by the Banco EJidal 
as well as some private operators. Implicit use of these 
custom services provided by the credit supplier is implied by 
the bank when a production loan is made although they state 
that the ejidatario is free to hire anyone. The analysis of 
this study indicates that if the Banco EJidal tries to maxi­
mize its income from the custom power services operation, 
something less than an optimal enterprise combination will 
result for the ejidatarios (assuming an optimum credit supply). 
This is because the income maximizing supply of power services 
is something less than the ejidatarios demand and thus crop 
diversification is imposed. Likewise, when the credit 
demands of the ejldatarlos are not met more custom service 
income is earned. Unless the providing of custom services 
is viewed as a production aid, the goals of the credit and 
custom services functions of the Banco Ejidal may be in con­
flict. 
Is investment in tractors and associated machinery to 
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provide the custom services the best use of the banks capital? 
From a regional standpoint. Investment in tractors to replace 
animal power sources above a level where the tractors can do 
all of the heavy operations probably is not currently justi­
fiable. Assuming a single tractor replaces 6.5 animal teams, 
the relative rate of return of tractor investment is only 
about 40.0 percent of the animal teams investment. Until 
tractor investment returns are greater than the nearly 9O.O 
percent return on animal team investment and alternative 
investment opportunities also have a lower rate of return, 
investment in tractors to replace animal teams is not suggested. 
Hired labor is probably the least critical resource con­
sidered. Current supplies of transit labor are sufficient to 
meet all needs. However, if this supply decreases or demand 
Increases, perhaps due to a large number of dairy operations 
being initiated, estimates of the harvest labor- supply at 
planning or planting time becomes more ir/portant. 
Other Policy Considerations 
Most of the measures suggested so far do not approach 
the real problem of low incomes. Even with experimental 
yields and the best water allocation efficiency, the current 
resource base will only give the ejidatario an annual net 
farm income of between 11 and 12 thousand pesos. Increases 
greater than this from the crop enterprises can only come 
about when the farmer-water supply ratio is improved. Thus, 
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either additional water supplies must be developed or the 
number of farmers In the Laguna Region must be reduced. If 
the former approach Is not possible, then some systematic 
approach to farmer out migration must be considered. First, 
no new e.lidatarios should be settled. Thus, when a hectare-
age reverts to the government, regardless of the reason, 
these resources should be divided among those that remain. 
Second, the government or one of Its agencies such as the 
Banco Ejldal should consider writing voluntary contracts with 
existing ejldatarios to educate all of their children and 
that at or before a given operator age his resources would 
revert and no:, be Inherited by a son or son-in-law. Third, 
some government agency, perhaps CIANE, SRH or the Banco 
Ejldal, should undertake a study to define a desired farmer 
or ejldatario population so that It Is possible to have the 
resource base which will give that population the opportunity 
for an ample standard of living. 
In addition to the research suggested in the paragraph 
above, high priorities need to be assigned to additional 
research areas. Agronomically, much needs to be done with 
respect to water-fertilizer relationships for the principal 
crops In the Laguna Region. In a region v/hlch is dependent 
upon water, an appalling few good water experiments have been 
undertaken. This Is particularly true for cotton, corn, 
grain sorghums and safflower. In addition, new crops with 
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high returns per unit of vjater (not land) should be sought. 
Yields and pest control of long term continuous cotton 
rotations need to be further explored and the results of 
other cotton rotations investigated. 
The increasing of the wage rate suggests that an economic 
study of when the mechanical cotton picker should be adopted 
needs to be planned in the near future. Also, an economic 
analysis of the developing nations tractor needs to be con­
ducted so that this alternative power source can be evaluated 
and its merits known. 
One final policy consideration must be mentioned. Al­
though the individual deserves credit for public research he 
conducts, he should not have the opportunity to keep this 
information from o her interested individuals who can and need 
to use this data. When the people finance research, in the 
form of a government sponsored research organization, the 
individuals in charge of these organizations have the 
responsibility of making the results of the research projects 
available as soon as possible. 
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CliAP'i'ZH XIV. SUMMRY 
Optimum resource use in Gomarca Lagunera, an irrigated 
area in northcentral Mexico is examined in this linear pro­
gramming study. The investigation is limited to the ejidal 
sector which receives the majority of the water from Cardenas 
Dam and both ejidatarlo and regional aspects are considered. 
The twelve crops considered in the study are: cotton, 
wheat, corn, grain sorghum, safflower, oat forage, alfalfa, 
sorghum forage, sudan forage, pecans, strawberries and grapes. 
When tlie data are available, selected water levels, nitrogen 
fertilizer levels, length of seasons and planting date dif­
ferences are included in the models. Differences in the water 
use for the various planting dates are computed using the 
Blaney-Criddle consumptive use formula. 
The influence and potential of livestock is limited to 
two dairy activities. Least cost rations for (1) young 
animals, (2) pregnant heifers and dry cows and (3) lactating 
cows are computed by the program. Both farm and purchased 
feeds are considered in the rations. 
The three basic models used represent the three power 
technologies. The mechanized (farmer owned machinery), custom 
(rented machinery) and animal (mixed animal power and custom 
operations) power technology models include monthly water, 
labor, capital, credit and power restrictions. A minimum 
living allowance of $300 per month is also stipulated. 
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The optimum enterprise combination, regardless of power 
technology, which maximizes net farm income under current 
e.lidatarlo resource supplies and current prices is a cotton 
monoculture of slightly more than one hectare. The net 
farm income is from $9,000 to $9,600 depending upon the power 
technology. 
Conclusions regarding power technology comparisons are 
dependent upon assumptions regarding the number of joint 
owners for both the mechanized and animal power technologies. 
If four ejidatarios share an animal power unit and 30 
ejidatarios are joint owners of a mechanized power unit, the 
net farm revenues (net farm income less unique fixed costs) 
for the custom, mechanized and animal power technologies are 
$9,019, $8,964 and $8,788, respectively. 
Resource requirements for higher income levels for the 
ejidatario are dependent upon increasing the water supply. 
The current land base with adequate capital, water, power and 
labor could have a net farm income of about $23,000. How­
ever, with a fixed regional water supply, increasing the farm 
water supply levels requires that the number of ejidatarios 
in the Laguna Region decline. 
All three power technologies maintain the cotton mono­
culture when expanded to the regional scope under current 
resource supplies and prices. When the dairy activities are 
Included in the regional models they enter at their maximum 
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level, five hundred 120 cow herds, but the livestock does not 
influence the optimum crop enterprise combination. The 500 
dairy units raise the regional net farm income from 85.0 to 
96.0 percent depending upon power technology. No farm pro­
duced feeds are included in the three rations and- they are 
principally grain sorghum and alfalfa hay purchased from other 
regions in Mexico supplemented with bonemeal, cottonseed oil 
meal and molasses. Rather large price changes are required 
to change the composition of the lactating ration which 
accounts for about 8O.O percent of the total feed costs. 
Using current prices as a base vector, the price of 
cotton would need to decline about eight percent before corn 
would start to enter the optimum crop combination. On the 
other hand, the price of corn would need to increase from 
$800 to $870 per ton before it would start to compete with 
cotton. Grapes, strawberries, grain sorghum and safflower 
would compete with co'.ton with price increases of less than 
100.0 percent. All other crops would require larger price 
increases to be competitive. 
The ejldatario in the Laguna Region currently receives 
about 233 hacm of irrigation water annually. Thus, only 
about jO.O percent of the land is cultivated. The marginal 
value product of an additional hacm of water is about $40. 
The normative demand function of water maintains a 
cotton monoculture, however, the cotton activity cultivated 
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changes as the price of water increases. For water prices of 
less the $6.00/hacm cotton production per unit of land is 
maximized. Cotton production per unit of water is maximized 
for water prices greater than $33.00/hacm. Between these 
points and intermediate activity is cultivated. Crop produc­
tion is terminated for water prices of $44.00/hacm. 
Annual water losses from Cardenas Dam amount to about 
8.9 percent. The opportunity cost of maintaining an addi­
tional years supply of water behind the dam is about 27 
million pesos each year it is stored. 
An analysis of the demand and allocation of power supplies 
suggests that any restriction of power supplies (assuming a 
custom power technology) will reduce the regional net farm 
Income and diversify the crops grown. If the Laguna Region 
uses the custom power technology about 179,000 month hours 
of power services are required to support a cotton monoculture. 
Cotton is supplemented with corn for limitations to about 
133,000 hours. At this level strawberries are also cultivated 
in the optimum enterprise combination. 
The marginal value product for an hour of power services 
is about $280 for power restrictions above 145,000 month 
hours. April is the most critical month and the MVP of one 
hour of power services is $252. 
Doubling the rent of custom power services would increase 
cash costs only about 15.O percent. Rental income is maxl-
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mized at a supply level of about 150,000 month hours and is 
about $200,000 more at this supply level than when a cotton 
monoculture Is grown. 
Hired labor has a relatively unimportant role in produc­
tion costs. The hired labor wage rate could more than double 
and the cotton monoculture would be maintained. September, 
the major cotton harvesting month, is the month of principal 
hired labor demand. When crop diversification occurs, re­
gardless of the cause, the demand for hired labor declines. 
Capital is probably the second most limiting resource 
for most of the ejidatarlos in Comarca Lagunera. The marginal 
value product of capital is at least $0.23 when the resource 
is limiting. Because of the dynamic nature of this resource 
intermonth transfer assumptions are critical to any capital 
analysis. For moderate credit restrictions, cotton is 
diversified with corn; larger capital limitations forces the 
optimum solution to consider a large number of crops so that 
production expenses and income provide a cash flow pattern 
which is balanced throughout the year. The credit require­
ments for a cotton monoculture are about $6,000 per 
ejidatario or about I85 million pesos regionally when no 
other resources are limiting, assuming the current water 
supply. 
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Glossary of Spanish Terms 
Banco Agricola--A short name for the Banco Nacional de 
Crédito~Âgricola, S.A. (the National Agriculture Credit 
Bank). 
Banco Ejidal—A short name for the Banco Nacional de 
Crëdlto Ejidal, S.A. (the National Ejido Credit Bank). 
CIANE--The abbreviation for Centro de Investigaciones 
Agricolas del Noreste, a regional experiment and 
extension organization. 
ejldatario--An ejido farmer. 
ejido--A system of communal tenure in which lands are held 
by the government for collective use or for distribution 
among the ejidatarios for cultivation in small plots. 
hacendado--The owner of a hacienda. 
hacienda--A landed estate, 
hectare--The metric land measure. It contains 10,000 square 
meters or 2.471 acres. 
hectare-centlmeter--The unit of water measure used in the 
metric system. This is one centimeter for an entire 
hectare and is equivalent to 100 cubic meters. 
kilogram--The metric weight measure. One kilogram is 
equivalent to 2.2046 pounds. A metric ton is 1,000 
kilograms and is equivalent to 2204.6 pounds. 
kilometer--1,000 meters or 0.621 miles. 
meter--The basic unit of linear measurement in the metric 
system. It is equal to 3.281 feet or 39-37 inches. 
peso--The basic unit of currency in Mexico. One peso is 
equivalent to eight cents United States currency. 
SRH--The abbreviation for Secretaria de Recursos 
Hidr^ulicos. This is the Secretary of Water Resources. 
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Management Level Estimation 
The management levels used in this study are estimated 
by comparing actual cotton yields with experimental results. 
Basic to this approach is the assumption that land quality 
is similar for both experimental plots and cotton cropland. 
Assuming this, then estimates of the centimeters of irrigation 
water and kilograms of nitrogen applied are necessary for 
parallel comparisons with production surface data as given 
by the experimental results. 
Irrigation level 
The average hectare of irrigated land was released 154 
hacm of water from Cardenas Dam in the 1966-67 crop year (53). 
The average irrigation level of cotton is estimated by 
dividing the total water applied in the Laguna Region by the 
relative water use of the major crops weighted by their 
hectares of production (50). Table A.l gives the production 
and water use data and Equation A ,1 shows that the average 
cotton hectare was released I66 hacm of water. 
100X(69.3) + 88X(13.9) + 58x(9.0) + 77X(7.8) = 154(100) 
X = 166 (A.l) 
Fertilizer level 
Table A.2 presents the hectares of fertilized and non-
fertilized cotton and total crops by farm sector (50). The 
same source reports that total fertilizer use in the Laguna 
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Table A.l. Relative water use and hectare grown of the 
major crops In the Laguna Region in I966-67 
Water use Production 
Crop hacm fo of cotton has 
Cotton 130 100.0 43,010 69.3 
Corn 114 88.0 8,658 13.9 
Wheat 75 58.0 5,584 9.0 
Others 100& 77.0 4,745 7.8 
^Estimated. 
Table A.2. Hectares of cotton and total crops which were and 
were not fertilized by farm sector in the I966-
67 crop year 
Farm 
sector 
Cotton 
fertilized 
has 
Cotton not 
fertilized 
has 
Total 
fertilized 
has 
Total not 
fertilized 
has 
Ejidal 23,304 
Private 5,382 
Total 28,' 
12,314 
1,810 
14,124 
25,504 25,429 
6,880 4,l84 
32,384 29,613 
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Region was 5,619 tons In the I966-67 crop year. Although 
the total tons of fertilizer are given, the composition is 
not so it is assigned that the fertilizer had an average 
analysis of 15.O percent nitrogen. Assuming that 90.0 per­
cent of the fertilizer is applied to cotton and that the 
private sector applied 100 kg of nitrogen per hectare of 
cotton, the ejidal sector applied about I6 kg of nitrogen 
per hectare. 
Actual farm yields 
Actual cotton yields for both farm sectors are estimated 
by taking the total value of cotton production per hectare 
and dividing it by the average price received. Table A.3 
presents the hectares of cotton by type of irrigation and 
the income received from cotton and cottonseed in the 1966-67 
Table A.3- Production and value of production by farm 
sector of the 1966-6? cotton crop 
Production Value of production 
Per 
Farm Pump Gravity Total Total hectare 
sector has has has $1,000 $/ha 
Ejidal 17,588 41,519 59,107 373,164 6,320 
Private 18,852 6,257 25,109 257,962 10,250 
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crop year (19)- These figures differ some from those 
presented in Table A.2 because a different agency collected 
them and they included cotton production from irrigation 
wells as well as Cardenas Dam. Assuming a price of $2,500 
per ton for cotton the ejidal and private sectors had yields 
of 2.53 and 4.11 tons per hectare respectively. 
Experimental and farmer yields compared 
Using the lowest level of water in the Laguna Region 
cotton experiment (58), I6 kilograms of nitrogen would give 
an expected yield of about 2.970 tons of cotton or about 
85.0 percent of the experimental results. The private sector 
yield at 100 kilograms of nitrogen per hectare is about 95.0 
percent. 
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Table B.l. Activity number, crop, planting date, fertilizer 
level, irrigation scheme and production of the 
crop activities in the three power technology 
models 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/lia 
1 Cotton Mar. 0-80-0 A 2.043 
2 Cotton Mar. 0-80-0 B 2.062 
3 Cotton Mar. 0-80-0 C 2.162 
4 Cotton Mar. 0-80-0 D 2.216 
5 Cotton Mar. 0-80-0 E 2.371 
6 Cotton Apr, 0-80-0 A 2.724 
7 Cotton Apr. 0-80-0 B 2.750 
8 Cotton Apr. 0-80-0 C 2.882 
9 Cotton Apr. 0 80-0 D 2.954 
10 Cotton Apr. 0-80-0 E 3.161 
11 Cotton May 0-80-0 A 1.907 
12 Cotton May 0-80-0 B 1.925 
13 Cotton May 0-80-0 C 2.017 
14 Cotton May 0-80-0 D 2.068 
15 Cotton May 0-80-0 E 2.213 
16 Cotton Mar. 50-80-0 A 2.736 
17 Cotton Mar. 50-80-0 B 2.900 
18 Cotton Mar. 50-80-0 C 3.016 
19 Cotton Mar. 50-80-0 D 3.314 
20 Cotton Mar. 50-80-0 E 3.388 
21 Cotton Apr. 50-80-0 A 3.648 
22 Cotton Apr. 50-80-0 B 3.866 
23 Cotton Apr. 50-80-0 C 4.021 
24 Cotton Apr. 50-80-0 D 4.418 
25 Cotton Apr. 50-80-0 E 4.518 
26 Cotton May 50-80-0 A 2.554 
27 Cotton May 50-80-0 B 2.706 
28 Cotton May 50-80-0 C 2.815 
29 Cotton May 50-80-0 D 3.093 
30 Cotton May 50-80-0 E 3.163 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting K-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
31 Cotton Mar. 
32 Cotton Mar. 
33 Cotton Mar. 
34 Cotton Mar. 
35 Cotton Mar. 
36 Cotton Apr. 
37 Cotton Apr. 
38 Coucon Apr. 
39 Cotton Apr. 
40 Cotton Apr. 
41 Cotton May 
42 Cotton Floy 
43 C >,ton May 
44 '• ••'.ion MJiy 
45 I. ' ' ' L,' ^ 0 i'i May 
46 C(3i. r.ar. 
47 Cotcon 
48 Cotton K'lr. 
49 Cotton I'vrir. 
50 C 0 0 u c i L 
51 Co:to^ j\pr. 
52 Cotuon Apr. 
53 Cotton Apr. 
54 
0
 
0
 
0
 Apr. 
55 Cotton Ap'-. 
56 Cotton W-n.y 
57 Cotton Kn.y 
56 Cotton May 
59 Cotton May 
60 Cotuon May 
61 Wheat Dec. 
62 %heat Dec. 
63 V.'heat Dec. 
64 Wheat Dec. 
65 V.'heat Dec. 
100-80-0 
100-80-0 
100-80-0 
100-80-0 
100-80-0 
100-80-0 
]00-80-0 
ico-80-0 
li'i o-() 
](} 
1C0-/J-0 
iOG-ro-0 
300-LC-0 
.1.0 C *—t"' ( 
IOO-cO-0 
140-80-0 
1^0-80-0 
150-80-0 
150-80-0 
150-80-0 
150-80-0 
150-80-0 
lSO-80-0 
150-80-0 
150-80-0 
150-80-0 
150-80-0 
0-60-0 
0-60-0 
0-60-0 
0-60-0 
0-60-0 
h 
B 
c 
D 
E 
A 
B 
c 
D 
E 
A 
D 
T," 
c 
D 
T.; 
A 
B 
C 
D 
B 
C 
D 
E 
A 
B 
C 
D 
E 
3.222 
3.437 
3.719 
4.031 
4.052 
4.2q6 
4.583 
4.958 
5.374 
5.403 
3.007 
3.208 
3.471 
3.762 
3.782 
3.479 
4.848 
4.001 
4.275 
-iOO 
4.638 
5.130 
5.335 
5.696 
5.772 
3.247 
3.591 
3.735 
3.967 
4.040 
1.670 
1.620 
1.970 
1.990 
2.280 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
66 Wheat Jan. 5 0-60-0 A 1.670 
67 Wheat Jan. 5 0-60-0 B 1.620 
68 Wheat Jan. 5 0-60-0 c 1.970 
69 Wheat Jan. 5 0-60-0 D 1.990 
70 Wheat Jan. 5 0-60-0 E 2.280 
71 Wheat Jan. 25 0—60—0 A 1.500 
72 Wheat Jan. 25 0-60-0 B 1.460 
73 Wheat Jan. 25 0-60-0 C 1.770 
74 Wheat Jan. 25 0-60-0 D 1.790 
75 Wheat Jan. 25 0-60-0 E 2.050 
76 Wheat Dec. 50-60-0 A 2.710 
77 Wheat Dec. 50-60-0 B 2.400 
78 Wheat Dec. 50-60-0 C 3.130 
79 Wheat Dec. 50-60-0 D 3.220 
80 Wheat Dec. 50-60-0 E 3.340 
81 Wheat Jan. 5 50-60-0 A 2.710 
82 Wheat Jan. 5 50-60-0 B 2.400 
83 Wheat Jan. 5 50-60-0 C 3.130 
84 Wheat Jan. 5 50-60-0 D 1.220 
85 Wheat Jan. 5 50-60-0 E 3.340 
86 Wheat Jan. 25 5O-6O-O A 2.440 
87 Wheat Jan. 25 50-60-0 B 2.160 
88 Wheat Jan. 25 50-60-0 C 2.820 
89 Wheat Jan. 25 50-60-0 D 2.900 
90 Wheat Jan. 25 50-60-0 E 3.010 
91 Wheat Dec. 100-60-0 A 3.100 
92 Wheat Dec. 100-60-0 B 3.020 
93 Wheat Dec. 100-60-0 C 3.720 
9'4 Wheat Dec. 100-60-0 D 3.880 
95 Wheat Dec. 100-60-0 E 3.850 
96 Wheat Jan. 5 100-60-0 A 3.100 
97 Wheat Jan. 5 100-60-0 B 3.020 
98 Wheat Jan. 5 100-60-0 C 3.720 
99 Wheat Jan. 5 100-60-0 D 3.880 
100 Wheat Jan. 5 100-60-0 E 3.850 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
101 Wheat Jan. 25 100-60-0 A 2.790 
102 Wheat Jan. 25 100-60-0 B 2.720 
103 Wheat Jan. 25 100-60-0 C 3.350 
104 Wheat Jan. 25 100-60-0 D 3.490 
105 Wheat Jan. 25 100-60-0 E 3.460 
106 Wheat Dec. 150-60-0 A 3.340 
107 Wheat Dec. 150-60-0 B 3.460 
108 Wheat Dec. 150-60-0 C 4.110 
109 Wheat Dec. 150-60-0 D 4.460 
110 Wheat Dec. 150-60-0 E 4.420 
111 Wheat Jan. 5 150-60-0 A 3.340 
112 Wheat Jan. 5 150-60-0 B 3.460 
113 Wheat Jan. 5 150-60-0 C 4.110 
114 Wheat Jan. 5 150-60-0 D 4.460 
115 Wheat Jan. 5 150-60-0 E 4.420 
116 Wheat Jan. 25 150-60-0 A 3.010 
117 Wheat Jan. 25 150-60-0 B 3.110 
118 Wheat Jan. 25 150-60-0 C 3.700 
119 Wheat Jan. 25 150-60-0 D 4.010 
120 Wheat Jan. 25 150-60-0 E 3.980 
121 Wheat Dec. 200-60-0 A 3.270 
122 Wheat Dec. 200-60-0 B 3.320 
123 Wheat Dec. 200-60-0 C 4.300 
124 Wheat Dec. 200-60-0 D 4.270 
125 Wheat Dec. 200-60-0 E 4.310 
126 Wheat Jan. 5 200-60-0 A 3.270 
127 Wheat Jan. 5 200-60-0 B 3.320 
128 Wheat Jan. 5 200-60-0 C 4.300 
129 Wheat Jan. 5 200-60-0 D 4.270 
130 Wheat . Jan. 5 200-60-0 E 4.310 
131 Wheat Jan. 25 200-60-0 A 2.940 
132 Wheat Jan. 25 200-60-0 3 2.990 
133 Wheat Jan. 25 200-60-0 C 3.870 
134 Wheat Jan. 25 200-60-0 D 3.840 
135 Wheat Jan. 25 200-60-0 E 3.880 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
136 Oat forage Nov. 
137 Oat forage Nov. 
138 Oat forage Nov. 
139 Oat forage Nov. 
140 Oat forage Nov. 
141 Oat forage Nov. 
142 Oat forage Nov. 
143 Oat forage Nov. 
144 Oat forage Nov. 
145 Oat forage Nov. 
146 Oat forage Nov. 
147 Oat forage Nov. 
148 Safflower Nov. 
149 Safflower Nov. 
150 Safflower Nov. 
151 Safflower Nov. 
152 Safflower Nov. 
153 Safflower Nov. 
154 Safflower Nov. 
155 Safflower Nov. 
156 Safflower Nov. 
157 Safflower Dec. 
158 Safflower Dec, 
159 Safflower Dec. 
160 Safflower Dec. 
161 Safflower Dec. 
162 Safflower Dec. 
163 Safflower Dec. 
164 Safflower Dec. 
165 Safflower Dec. 
166 Safflower Jan. 
167 Safflower Jan. 
168 Safflower Jan. 
169 Safflower Jan. 
170 Safflower Jan. 
0-80-0 A 10.380 
0-80-0 c 9.980 
0-80-0 E 9.750 
50-80-0 B 13.130 
50-80-0 D 13.380 
100-80-0 A 19.510 
100-80-0 c 23.390 
150-80-0 B 24.890 
150-80-0 D 25.890 
200-80-0 A 30.250 
200-80-0 C 30.330 
200-80-0 E 30.950 
0-0-0 A 1.593 
80-0-0 A 2.866 
160-0-0 A 3.582 
0-0-0 B 1.624 
80-0-0 B 2.817 
160-0-0 B 3.420 
0-0-0 C 1.719 
80-0-0 C 2.790 
160-0-0 C 3.024 
0-0-0 A 1.770 
80-0-0 A 3.185 
160-0-0 A 3.980 
0-0-0 B 1.805 
80-0-0 B 3.130 
160-0-0 B 3.800 
0-0-0 C 1.910 
80-0-0 C 3.100 
160-0-0 c 3.360 
0-0-0 A 1.504 
80-0-0 A 2.707 
160-0-0 A 3.383 
0-0-0 B 1.534 
80-0-0 B 2.660 
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Table B.l. (Continued) 
Activity 
number Crop 
Fertilizer 
Planting N-P-K Irr. Production 
date kg/ha scheme T/ha 
171 Safflower 
172 Safflower 
173 Safflower 
174 Safflower 
175 Grain sorghum-90 
176 Grain sorghum-90 
177 Grain sorghum-90 
178 Grain sorghum-90 
179 Grain sorghum-90 
180 Grain sorghum-90 
181 Grain sorghum-90 
182 Grain sorghum-90 
183 Grain sorghum-90 
184 Grain sorghum-90 
185 Grain sorghum-90 
186 Grain sorghum-90 
187 Grain sorghum-90 
188 Grain sorghum-90 
189 Grain sorghum-90 
190 Grain sorghum-90 
191 Grain sorghum-90 
192 Grain sorghum-90 
193 Grain sorghum-105 
194 Grain sorghum-105 
195 Grain sorghum-105 
196 Grain sorghum-105 
197 Grain sorghum-105 
198 Grain sorghum-105 
199 Grain sorghum-105 
200 Grain sorghum-105 
201 Grain sorghum-105 
202 Grain sorghum-105 
203 Grain sorghum-105 
204 Grain 3orghum-105 
205 Grain sorghum-105 
Jan. 160-0-0 B 3.230 
Jan. 0-0-0 C 1.624 
Jan. 80-0-0 C 2.635 
Jan. 160—0—0 C 2.856 
Mar. 0-40-0 A 2.072 
Mar. 80-40-0 A 3.700 
Mar. 160-40-0 A 4.366 
Mar. 0-40-0 B 1.850 
Mar. 80-40-0 B 3.441 
Mar. 160-40-0 B 4.070 
May 0-40-0 A 1.848 
May 80-40-0 A 3.300 
May 160-40-0 A 3.894 
May 0-40-0 B 1.782 
May 80-40-0 B 3.069 
May 160-40-0 B 3.630 
June 0-40-0 A 2.240 
June 80-40-0 A 4.000 
June 160-40-0 A 4.720 
June 0-40-0 B 2.160 
June 80-40-0 B 3.720 
June 160-40-0 B 4.400 
Mar. 0—40—0 A 3.024 
Mar. 80-40-0 A 5.400 
Mar. 160-40-0 A 6.372 
Mar. 0-40-0 B 2.916 
Mar. 80-40-0 B 5.022 
Mar. 160-40-0 B 5.940 
Apr. 0-40-0 A 2.772 
Apr. 80-40-0 A 4.950 
Apr. 160-40-0 A 5.841 
Apr. 0-40-0 B 2.673 
Apr. 80-40-0 B 4.604 
Apr. 160-40-0 B 5.445 
June 0-40-0 A 2.744 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
206 Grain sorghum-105 June 80-40--0 A 4.900 
207 Grain sorghum-105 June 160-40. -0 A 5.782 
208 Grain sorghum-105 June 0-40--0 B 2.646 
209 Grain sorghum-105 June 80-40--0 B 4.557 
210 Grain sorghum-105 June 160-40. -0 B 5.390 
211 Grain sorghum-105 July 0-40--0 A 1.176 
212 Grain sorghum-105 July 80-40--0 A 2.100 
213 Grain sorghum-105 July 160-40--0 A 2.478 
214 Grain sorghum-105 July 0-40--0 B 1.134 
215 Grain sorghum-105 July 80-40--0 B 1.953 
216 Grain sorghum-105 July 160-40--0 B 2.310 
217 Grain sorghum-120 Mar. 0-40--0 A 2.240 
218 Grain sorghum-120 Mar. 80-40-0 A 4.000 
219 Grain sorghum-120 Mar. 160-40--0 A 4.720 
220 Grain sorghum-120 Mar. 0-40--0 B 2.160 
221 Grain sorghum-120 Mar. 80-40--0 B 3.720 
222 Grain sorghum-120 Mar. 160-40--0 B 4.400 
223 Grain sorghum-120 Apr. 0-40-0 A 2.604 
224 Grain sorghum-120 Apr. 80-40--0 A 4.650 
225 Grain sorghum-120 Apr. 150-40--0 A 5.487 
226 Grain sorghum-120 Apr. 0-40--0 B 2.511 
227 Grain sorghum-120 Apr. 80-40--0 B 4.324 
228 Grain sorghum-120 Apr. 160-40--0 B 5.115 
229 Grain sorghum-120 May 0-40--0 A 2.716 
230 Grain 8orghum-120 May 80-40. -0 A 4.850 
231 Grain sorghum-120 May 160-40--0 A 5.723 
232 Grain sorghum-120 May 0-40--0 B 2.619 
233 Grain sorghum-120 May 80-40--0 B 4.510 
234 Grain sorghum-120 May 160-40--0 B 5.335 
235 Grain sorghum-120 June 0-40--0 A 1.736 
236 Grain sorghum-120 June 80-40--0 A 3.100 
237 Grain sorghum-120 June 160-40--0 A 3.658 
238 Grain sorghum-120 June 0-40--0 B 1.674 
239 Grain sorghum-120 June 80-40--0 B 2.883 
240 Grain sorghum-120 June 160-40--0 B 3.410 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
241 Grain sorghum-90 Mar. 0--40--0^ A 4.592 
242 Grain sorghum-90 Mar. 140-40-0D A 8.200 
243 Grain sorghum-90 Mar. 280' -40--0^ A 9.676 
244 Grain sorghum-90 Mar. 0' -40--0^ B 4.428 
245 Grain sorghum-90 Mar. 140--40--0^ B 7.626 
246 Grain sorghum-90 Mar. 280 -40--0^ B 9.020 
247 Grain sorghum-90 Apr. 0--40--0^ A 4.928 
248 Grain sorghum-90 Apr. 140--40--Ob A 8.800 
249 Grain sorghum-90 Apr. 280 -40--OC A 10.384 
250 Grain sorghum-90 Apr. 0' -40 -Qa B 4.752 
251 Grain sorghum-90 Apr. 140 -40 -Qb B 8.184 
252 Grain sorghum-90 Apr. 280 -40 -QC B 9.680 
253 Grain sorghum-105 Mar. 0' -40 A 6.272 
254 Grain sorghum-105 Mar. l4o -40 -0^ A 11.200 
255 Grain sorghum-105 Mar. 280 -40. A 13.216 
256 Grain sorghum-105 Mar. 0' -40-
-°h B 6.048 
257 Grain sorghum-105 Mar. 140 -40--0^ B 10.416 
258 Grain sorghum-105 Mar. 280 -40--0^ B 12.320 
259 Grain sorghum-105 Apr. 0' -40--of A 4.060 
260 Grain sorghum-105 Apr. 140 -40--0"" A 7.250 
261 Grain sorghum-105 Apr. 280 -40--oc A 8.555 
262 Grain sorghum-105 Apr. 0' -40--0^ B 3.915 
263 Grain sorghum-105 Apr. 140 -40--0^ B 6.742 
264 Grain sorghum-105 Apr. 280 -40 -0° B 7.775 
265 Grain sorghum-120 Mar. 0 -40' -Qa A 4.508 
^'Double cropped grain sorghum but single application 
of fertilizer. 
'^Double cropped grain sorghum with split nitrogen 
fertilizer applications of 80 and 60 kg/ha. 
^Double cropped grain sorghum with split nitrogen 
fertilizer applications of l60 and 120 kg/ha. 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
266 Grain sorghum-120 Mar. 0-40-0®" A 8.050 
267 Grain sorghum-120 Mar. 28O-4O-OC A 9.499 
268 Grain sorghum-120 Mar. 0-40-0®- B 4.347 
269 Grain sorghum-120 Mar. 140-40-0% B 7.486 
270 Grain sorghum-120 Mar. 280-40-0° B 8.855 
271 Corn-90 Apr. 0-40-0 A 2.139 
272 Corn-90 Apr. 80-40-0 A 3.820 
273 Corn-90 Apr. 160-40-0 A 4.508 
274 Corn-90 Apr. 0-40-0 B 1.299 
275 Corn-90 Apr. 80-40-0 B 3.820 
276 Corn-90 Apr. 160-40-0 B 4.202 
277 Corn-90 Apr. 0-40-0 C 1.184 
278 Corn-90 Apr. 80-40-0 C 3.896 
279 Corn-90 Apr. 160-40-0 C 3.896 
280 Corn-90 May- 0-40-0 A 2.520 
281 Corn-90 May 80-40-0 A 4.500 
282 Corn-90 May 160-40-0 A 5.310 
283 Corn-90 May 0-40-0 B 1.530 
284 Corn-90 May 80-40-0 B 4.500 
285 Corn-90 May 160-40-0 B 4.950 
286 Corn-90 May 0-40-0 C 1.395 
287 Corn-90 May 80-40-0 C 3.420 
288 Corn-90 May 160-40-0 C 4.590 
289 Corn-90 June 0-40-0 A 2.391 
290 Corn-90 June 80-40-0 A 4.270 
291 Corn-90 June 160-40-0 A 5.039 
292 Corn-90 June 0-40-0 B 1.452 
293 Corn-90 June 80-40-0 B 4.270 
294 Corn-90 June 160-40-0 B 4.697 
295 Corn-90 June 0-40-0 C 1.324 
296 Corn-90 June 80-40-0 C 3.245 
297 Corn-90 June 160-40-0 c 4.355 
298 Corn-90 July 0-40-0 A 1.887 
299 Corn-90 July 80-40-0 A 3.370 
300 Corn-90 July 160-40-0 A 3.977 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
301 Corn-90 July 0-40-0 B 1.146 
302 Corn-90 July 80-40-0 B 3.370 
303 Corn-90 July 160-40-0 B 3.707 
304 Corn-90 July 0-40-0 C 1.045 
305 Corn-90 July 80-40-0 C 2.561 
306 Corn-90 July l60-40-0 C 3.437 
307 Corn-120 Apr. 0-40-0 A 3.455 
308 Corn-120 Apr. 80-40-0 A 6.170 
309 Corn-120 Apr. 160-40-0 A 7.281 
310 Corn-120 Apr. 0-40-0 B 2.098 
311 Corn-120 Apr. 80-40-0 B 6.170 
312 Corn-120 Apr. 160-40-0 B 6.787 
313 Corn-120 Apr. 0-40-0 C 1.913 
314 Corn-120 Apr. 80-40-0 C 4.680 
315 Corn-120 Apr. 160-40-0 C 6.293 
316 Corn-120 May 0-40-0 A 2.906 
317 Corn-120 May 80-40-0 A 5.190 
318 Corn-120 May 160-40-0 A 6.124 
319 Corn-120 May 0-40-0 B 1.765 
320 Corn-120 May 80-40-0 B 5.190 
321 Corn-120 May 160-40-0 B 5.709 
322 Corn-120 May 0-40-0 C 1.609 
323 Corn-120 May 80-40-0 C 3.944 
324 Corn-120 May 160-40-0 C 5.294 
325 Corn-120 June 0-40-0 A 3.640 
326 Corn-120 June 80-40-0 A 6.500 
327 Corn-120 June 160-40-0 A 7.670 
328 Corn-120 June 0-40-0 B 2.210 
329 Corn-120 June 80-40-0 B 6.500 
330 Corn-120 June 160-40-0 B 7.150 
331 Corn-120 June 0-40-0 C 2.015 
332 Corn-120 June 80-40-0 C 4. >40 
333 Corn-120 June 160-40-0 C 6.630 
334 Corn-120 July 0-40-0 A 3.270 
335 Corn-120 July 80-40-0 A 5.840 
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Table B.l. (Continued) 
Fertilizer 
Activity Planting N-P-K Irr. Production 
number Crop date kg/ha scheme T/ha 
336 Corn-120 July 160-40-0 A 6.891 
337 Corn-120 July 0-40-0 B 1.986 
338 Corn-120 July 80-40-0 B 5.840 
339 Corn-120 July 160-40-0 B 6.424 
340 Corn-120 July 0-40-0 C 1.810 
341 Corn-120 July 80-40-0 C 4.438 
342 Corn-120 July 160-40-0 C 5.957 
343 Alfalfa-2 year Established 0-80-0 87.500 
344 Alfalfa-3 year Established 0-60-0 75.000 
345 Forage sorghum Apr. 80-40-0 98.000 
346 Sudan forage Apr. 80-40-0 87.500 
347 Grapes Established 25-25-0 9.000 
348 Pecans Established 94-50-25 0.680 
349 Strawberries Sept. 160-80-60 12.000 
Table B.2. Cotton irrigation schedules by planting date^ 
Planting Irr. Monthly gross water applications (cm) 
date scheme March Apr, May June July Aug. Sept. Total 
Early 
Normal 
Late 
A 52 .8 28.8 28.8 57.6 28.8 196.8 
B 52 .8 30.6 61.2(2) 61.2( '2) 30.6 236.4 
C 52 .8 35.1 35.1 , 70.2 '2) 35.1 228.3 
D 52 .8 33.8 67.6(2) 67.6 '2) 33.8 255.6 
E 52 .8 32.2 64.4(2) 96.6( :3) 32.2 278.2 
A 52 .8 30.2 30.2 60.4(2) 173.6 
B 52 .8 31.5 63.0(2) 63.0(2) 210.3 
C 52 .8 37.2 37.2 74.4(2) 210.6 
D 52 .8 34.6 69.2( 2) 69.2(2) 225.8 
E 52 .8 32.2 64.4( 2) 64.2(2) 32.2 246.0 
A 52.8 32.2 32.2 32.2 149.4 
B 52.8 31.9 63.8(2) 31.9 180.4 
C 52.8 30.1 60.2 30.1 173.2 
D 52.8 28.3 84.9(3) 28.3 194.3 
E 52.8 53.4(2) 53.4(2) 53.4(2) 213.0 
ro U) 
O 
^Number in parentheses indicates the number of irrigations when greater than 
one. 
Table B.3, Wheat irrigation schedules by planting date^ 
Planting Irr. Monthly gross water applications (cm) 
date scheme Dec. Jan. Feb. March Apr. May Total 
Early A 52.8 40.9 40.9 
B 5 2.8 40. 2  40. 2  40. 2  
C 5 2.8 28.5 57.0( 2 }  28.5 
D 5 2.8 34.1 68.2(2) 34.1 
E 5 2.8 31.7 63.4( 2 )  63.4( 2 )  
Normal A 52.8 61.2(2) 30.6 
B 52.8 66.5(2) 66.5(2) 
C 52.8 31.7 63.4(2) 31.7 
D 52.8 30.1 30.1 60.2(2) 
E 52.8 29.1 58.2(2) 58.2(2) 
Late A 52.8 32.7 32.7 
B 52.8 35.1 35.1 
C 52.8  33.5  33.5  
D 52.8 31.7 63.4(2)  
E 52.8 30.6 61.2(2) 
1 3 4 . 6  
1 7 3 . 4  
166.8 
189.2 
2 1 1 . 3  
1 4 4 . 6  
185.8 
1 7 9 . 6  
3 0 .  1  2 0 3 . 3  
2 9 .  1  227.8 
3 2 .  7  1 5 0 . 9  
7 0 .  2 (  , 2 )  1 9 3 . 2  
6 7 .  o (  2 )  186.8  
6 3 .  4  2) 2 1 1 . 3  
91.  8  : 3 )  236.4 
ro U) 
M 
^Number ir parentheses indicates the number of irrigations when greater than 
one. 
Table B.4. Oat forage irrigation schedules 
Planting Irr. Monthly gross water applications (cm) 
date scheme Nov. Dec, Jan. Feb. Mar. Total 
Nov. A 30.9 13.8 52.6 29.6 33.6 160.5 
B 30.9 13.8 46.0 32.2 33.6 156.5 
C 30.9 27.0 42.0 42.8 33.6 176.3 
D 30.9 24.3  38.1  41.5  33.6  168.4  
E 30.9 32.2 34.1 53.4 33.6 184.2 
Table B.5. Safflower irrigation schedules by planting date®" 
Planting Irr. Monthly gross water applications (cm) 
date scheme Nov. Dec. Jan. Feb. Mar. Apr. May June Total 
ro U) 
ro 
Nov. A 52.8 31.1 62.2(2) 
B 47.5 33.1 33.1  
C 42.3 31.0 31.0 
Dec. A 52.8 62.2(2) 
B 47.5 29.8 
C 42.3 27.1 
Jan. A 52.8 34.6 
B 47.5 
C 42.3 
62.2(2) 62.2(2) 270.5 
66.2(2) 33.1 203.0 
31.0 135.3 
.2(2) 62.2(2) 62.2(2) 301.6 
.6(2) 59.6(2) 29.8(2) 226.3 
62, 
59, 
27.1 27.1 27.1 150.7 
62.2(2) 62.2(2) 62.2(2) 34.6 329.6 
66.6(2) 33.3 66.6(2) 33.3 247.3 
30.6 30.6 30.6 30.6 164.7 
^Number in parentheses Indicates the number of irrigations when greater than 
one 
Table B.6. Grain sorghum irrigation schedules by planting 
date and maturity length®* 
Month Season Irr. 
Crops plant length scheme Mar. Apr. 
One Mar. 90 A 39.6 24.5 
B 26.4 23.6 
One May 90 A 
B 
One June 90 A 
B 
One Mar. 105 A 47.5 28.6 
B 26.4 30.2 
One Apr. 105 A 47.5 
B 26.4 
One June IO5 A 
B 
One July IO5 A 
B 
One Mar. 120 A 39.6 28.5 
B 26.4 24.5 
One Apr. 120 A 39.6 
B 26.4 
One May 120 A 
B 
One June 120 A 
B 
Two Mar. 9O A 42.3 30.1 
B 39.6 25.0 
^Number in parentheses indicates 
tions when greater than one. 
the number of irriga-
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Monthly gross water applications (cm) 
May June July Aug. Sept. Total 
49.0 113.1 
23.6  73.6  
39.7 27.2 54.2 121.2 
27.5  25.7  25.7  78.9  
31.7 27.5 55.0(2) 114.5 
31.7 21.4 21.4 74.5 
57.2(2) 133.3 
30.2 86.8 
31.1 62.2(2) 140.8 
32.6 32.6 91.6 
39.6  30.1 60.2(2) 129.9 
23.8 30.4  30.4  84.6  
39.6 27.4 54.8 121.8 
23.8 29.1 29.1 79.3 
57.0(2) 28.5 153.6 
24.5  24.5  99.9  
30.0 60.0(2) 30.0 159.6 
25.8 25.8 25.8 103.7 
39.6 29.0 5#.0(2) 29.0 155.6 
26.4 24.9 24.9 24.9 101.1 
39.6  53.2(2)  53.2(2)  146.0  
26.4 45.8(2) 22.9 95.1 
60.2(2) 30.1 60.2(2) ^3.1 253.0 
25.0 50.0(2) 25.0 164.6 
Table B.6. (Continued) 
Crops 
Month 
plant 
Season 
length 
Xrr. 
scheme Mar. Apr. 
Two Apr. 90 A 39.6 30.3 
B 37.0 
Two Mar. 105 A 47.5 59.4(2 
B 39.6 58.4(2 
Two Apr. 105 A 47.5 31.0 
B 39.6 26.5 
Two Mar. 120 A 42.3 29.8 
B 34.3 24.7 
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Monthly gross water applications (cm) 
May June July Aug. Sept. Total 
60.6(2) 
50.6(2) 
60.6(2) 
25.3 
60.6(2) 
50.6(2) 
251.7 
163.5 
59.4(2) 
29.2(2) 
29.7 
29.2 
59.4(2) 
29.2 
29.7 285.1 
185.6 
62.0(2) 
26.5 
31.0 
26.5 
31.0 
26.5 
31.0 
26.5 
31.0 264.5 
172.1 
59.6(2) 
24.7 
29.8 
24.7 
29.8 
24.7 
59.6(2) 
49.4(2) 
29.8 280.7 
182.5 
Table B.7. Corn irrigation schedules by planting dates 
and maturity length^ 
Planting Irr, 
date Maturity scheme Apr. May 
Apr. 90 A 37.0 24.2 
B 31.7 28.0 
C 31.7 25.3 
May 90 A 31.7 
B 31.7 
C 29.1 
June 90 A 
B 
C 
July 90 A 
B 
C 
Apr. 120 A 39.6 26.5 
B 39.6 25.6 
C 34.3 25.0 
May 120 A 39.6 
B 37.0 
C 34.3 
June 120 A 
B 
C 
July 120 A 
B 
C 
^Number in parentheses indicates the number of irriga­
tions when greater than one. 
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Monthly gross water applications (cm) 
June July Aug. Sept. Total 
48.4(2) 
28.0 
25.3 
109.6  
87.7 
82.3 
26.0  
28.1 
26.6 
52.0(2)  
28 .1  
26 .6  
109.7 
87.9 
82.3  
37.0 
37.0 
34.3 
22.2 
23.0 
21.8 
44.4(2) 
23.0 
21.8 
103.6  
83 .0  
77.9 
31.7 
31.7 
31.7 
31.6  
22.1 
19.8  
31 .6  
22.1 
19.8 
94.9 
75.9 
71.3 
53.0(2) 
25.6  
25 .0  
26.5 
25.6  
25 .0  
145.6  
116.4 
109.3 
25.5 
25.3 
23.8 
51.0(2)  
25.3 
23.8 
25.5 
25.3 
23.8 
141.2 
112.9 
105.7 
39.6 
37.0 
34.3 
30.8 
22.8 
21.5 
30.8 
22.8 
21.5 
30.8 
22.8 
21.5 
132.0  
105.6  
98 .8  
31.7 
31.7 
31.7 
29.6 
21.6 
29.6 
21.6 
29.4 
29.6 
21.6 
29.4 
120.5  
96 .5  
90 .5  
Table B.8. Other crops Irrigation schedules^ 
Monthly gross water applications (cm) 
First year Established I'orage Sudan Straw-
Month alfalfa alfalfa^ sorghum'^ forage^ Grapes Pecans berries 
Jan. 
26.4 
26.4 63.4( '4 
Feb. 31.7 31.7 47.5 [3 
Mar. 31.7 31.7 26.4 26.4 31.7( ,2 
Apr. 31.7 31.7 28.0 28.0 26.4 
52.8(2) 
31.7( '2 
May 31.7 31.7 63.4(2) 63.4(2) 26.4 31.7( '2 
June 63.4(2) 63.4(2) 63.4(2) 63.4(2) 26.4 26.4 31.7< '2 
July 31.7 31.7 31.7 31.7 26.4 31.7( '2 
Aug. 31.7 31.7 63.4(2) 63.4(2) 26.4 26.4 31.7 '2 
Sept. 31.7 31.7 31.7 31.7 26.4 71.3( |2 
Oct. 31.7 31.7 26.4 31.7( '2 
Nov. 84.5 31.7 47.5( |3 
Dec. 31.7 31.7 26.4 63.4< 4 
Total 433.2 380.4 281.6 281.6 211.2 221.2 494.8 
^Number In parentheses indicates the number of Irrigations when greater than 
one. 
^Same for second and third year alfalfa. 
^Same for first and second year forage. 
Table B.9. Calendar of operations for cotton and < custom, 
power and labor requirements by power technology 
Mech power ' tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ba hrs/ha 
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Canal 1.0 1.0 40 
Level 1.0 1.0 40 
Border 0.8 0.8 50 
Border and canal 2.5 2.5 
Clean main canals 8.0 8.0 
Pre-lrrigate 8.8 
80 
8.8 
Dis-harrow (2x-wet) 2.0 2.0 
Seed fertilization 2.0 2.0 50 
Cultipack 1.0 1.0 20 
Second fertilization 1.5 1.5 35 
Cultivation 1.8 1.7 40 
Cultivation 1.8 1.7 40 
Cultivation 1.8 1.7 40 
Handweeding 20.0 20.0 
Handweeding 20.0 20.0 
Handweeding 20.0 20.0 
Handweeding 
Aux. irrigations" 
20.0 20.0 
16.0 16.0 Thin 
Pest control 
Pest control 
Pest control 
Pest control 
Pest control 
First picking & 
haulingCjd 100.0 100.0 
Second picking & 
haullngC,d 100.0 100.0 
^Numbers in parentheses are times operation done when 
greater than one. 
^See Table B.2 in Appendix B. 
°Hrs/T. 
%aullng is custom done at $60/T for all power tech­
nologies . 
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Animal power tech 
Custom Animal Man 
$/ha hrs/ha hrs/ha 
100 
40 
5.0 5.0 
40 
8.0 8.0 
5.0 
8.0 
8.8 
80 
12.0 12.0 
4.0 4.0 
9.0 9.0 
9.0 9.0 
9.0 9.0 
9.0 9.0 
20.0 
20.0 
20.0 
20.0 
16.0 
100.0 
100.0 
Month of operation 
by planting date& 
Early Normal Late 
Jan. Feb. Mar. 
Feb. Mar. Apr. 
Feb. Mar. Apr. 
Feb. Mar. Apr. 
Feb. Mar. Apr. 
Feb. Mar. Apr. 
Feb. Mar. Apr. 
Mar. Apr. May 
Mar. Apr. May 
Mar. Apr. May 
Mar. Apr. May 
Apr. May June 
Apr.(2) May(2) June(2) 
May June July 
June July Aug. 
Apr. May June 
May(2) June(2) July{2) 
June July Aug. 
July Aug. Aug. 
Apr. May May 
June(3) June(2) June 
Julyjs) July 3) July;3) 
Aug.(3)^ Aug.(3)^ Aug.(3) 
Sept.(2) Sept.(3) Sept.(3) 
Oct. 
Aug. Aug. Sept. 
Aug. Sept. Sept. 
Table B.9. (Continued) 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Third picking & 
haulingCjG 100.0 100.0 
Fourth picking & 
haulingCjd 100.0 100.0 
Chop stocks 0.5 0.5 35 
243 
Animal power tech Month of operation 
Custom Animal Man by planting date& 
$/ha hrs/ha hrs/ha Early Normal Late 
100.0 Sept. Sept. Oct, 
4.0 
100.0 
4.0 
Sept, 
Oct. 
Oct. 
Nov. 
Oct. 
Nov. 
Table B.IO. Calendar of operations for wheat and custom, 
power and labor requirements by power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Border 0.8  0 .8  50 
Canal 1.0 1.0 40 
Border and canal 2.5 2.5 
Repair main ca.nal. 8.0  8 .0  
Pre-irrigate 8.8  8 .8  
Disc-harrow (2x-wet) 2.0  2 .0  80 
Seed-fertilize 2.0  50 
Aux. irrigation^ 
Pest control 
Combine^ 90 
Hauic 40 
&See Table B.3 In Appendix B. 
^Custom done at $90/T for all power technologies. 
^Custom done at $40/T for all power technologies. 
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Animal power tech Month of operation 
Custom Animal Man by planting date 
$/ha hrs/ha hrs/ha Early Normal Late 
100 Nov. Nov. Dec. 
40 Nov. Nov. Dec. 
40 Nov. Dec. Dec. 
8.0 8.0 Nov. Dec. Dec. 
5.0 5.0 Nov. Dec. Dec. 
5.0 Nov. Dec. Dec. 
8.0 Nov. Dec. Dec. 
8.8 Dec. Jan. Jan. 
80 Dec. Jan. Jan. 
12.0 12.0 Dec. Jan. Jan. 
Mar. Apr. Apr. 
90 May May June 
40 May May June 
Table B.ll. Calendar of operations for oat forage and 
custom, power and labor requirements by power 
technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Border 0.8  50 
Canal 1.0 1.0 40 
Border and canal 2.5 2.5 
Clean main canals 8.0  8 .0  
Pre-irrigate 6.5 
80 
6.5 
Disc-harrow (2x-wet) 2.0  2 .0  
Seed-fertilize 2.0  2 .0  50 
Aux. irrigations^ 
First cutting & 
haulingb 
4.5 Hand 1.5 
Small mower 1.5 2.5  
Custom 10 
Second cutting & 
haulingC 
&See Table B.4 in Appendix B for irrigation data. 
^Harvesting and hauling is done with one of the three 
methods below. All figures are on a per ton basis and the 
custom method is available to the mechanized power technology 
at $10/T. Only the custom method is available to the custom 
power technology. 
^Same harvesting methods available as for first cutting. 
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Animal power tech 
Custom Animal Man 
^/ha. hrs/ha hrs/ha Month of operation 
100 
40 
40 
80 
8 . 0  
5.0 
12.0  
8 . 0  
5.0 
5.0 
8 . 0  
6.5 
1 2 . 0  
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
10 
2 . 0  
2 . 0  
5.0 
3.0 
Jan. 
Mar. 
Table B.12. Calendar of operations for safflower and custom, 
power and labor requirements by power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Border 0.8 0.8 50 
Canal 1.0 1.0 40 
Border and canal 2.5 2.5 
Clean main canals 8.0 8.0 
Pre-irrigate^ 
80 Disc-harrow (2x-wet) 2.0 2.0 
Seed-fertilize 2.0 50 
Second fertilize 1.5 35 
Thin 16.0 16.0 
Handweed 20.0 20.0 
Cultivate 1.8 1.8 40 
Aux. irrigations^ 
Combine" 
Hauic 
^See Table B.5 In Appendix B. 
^Custom operation at $100/T for all power technologies. 
"^Custom operation at $40/T for all power technologies. 
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Animal power tech Month of operation 
Custom Animal Man by planting date • 
$/ha hrs/ha hrs/lia Early Normal Late 
100 Oct. Nov, Dec. 
40 Oct. Nov. Dec, 
40 Oct. Nov. Dec. 
8.0  8 .0  Oct. Nov. Dec. 
5.0 5.0 Oct. Nov. Dec. 
5.0 Oct. Nov. Dec. 
8.0  Oct. Nov. Dec. 
Nov. Dec. Jan. 
80 Nov. Dec. Jan. 
12.0 12.0 Nov. Dec. Jan. 
9.0  9.0 Jan. Feb. Mar. 
16.0 Jan. Feb. Mar. 
20.0  Feb. Mar. Apr. 
9.0  9 .0  Feb. Mar, Apr. 
May June July 
May June July 
Table B.13. (Continued) 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ l i i  
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Border 0.8  0 .8  50 
Canal 1.0 1.0 
Border and canal 2.5 2.5 
Clean main canals 8.0  8.0 
Pre-irrigate®' 
80 Disc-harrow (2x-wet) 2.0 2.0  
Seed-fertilize 2.0  2 .0  50 
Cultivate 1.8 1.8 40 
Cultivate 1.8 1.8  40 
Handweed 20.0  20.0 
Handweed 20.0  20.0 
Aux. irrigations^ 
Pest control 
Pest control 
Combine grain^ 
Haul grainC d 
Cut and haul stover _u 
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Month of operation 
Animal power tech for 90 day variety 
Custom Animal Man by planting date 
$/ha hrs/ha hrs/ha Mar. May June 
Feb. Apr. May 
Feb. Apr. May 
8.0  
Feb. Apr. May 
8.0 Feb. Apr. May 
5.0 5.0 Feb. Apr. May 
5.0 Feb. Apr. May 
8.0  Feb. Apr. May 
Mar. May June 
Mar. May June 
12.0 12.0 Mar. May June 
9.0  9.0 Mar. May June 
9.0  9.0 Apr. June July 
20.0 Mar. May June 
20.0  Apr. June July 
Apr. June July 
May July Aug. 
June .Aug. Sept. 
June Aug. Sept. 
_d a July Aug. Sept. 
Table B.13. Calendar of operations for single cropped 
sorghum and custom, power and labor require­
ments by power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Plow 3.2 
Disc (dry) 1.4 
Level - 1.0 
Border 0.8 
Canal 1.0 
Border and canal 
Clean main canals 
Pre-irrigate®' 
Disc-harrow (2x-wet) 2.0 
Seed-fertilize 2,0 
Cultivate 1.8 
Cultivate 1.8 
Handweed 
Handweed 
Aux. irrigations^ 
Pest control 
Pest control 
Combine grain" 
Haul grain^ 
Cut and haul stover 
&See Table B.6 in Appendix 
^Custom operation at $65/1 
^Custom operation at $40/T 
^4.0 hrs/ha plus 1.0 hr/T. 
G$5/T. 
3.2 100 
1.4 40 
1.0 40 
0.8  50 
1.0 40 
2.5 2.5 
8.0  8 .0  
2 .0  80 
2.0 50 
1.8 40 
1.8 40 
20.0  20.0  
20.0  20.0  
_d _e 
B. 
for all power technologies. 
for all power technologies. 
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Month of operation 
Animal power tech for IO5 day variety 
Custom Animal Man by planting date 
$/ha hrs/ha hrs/ha Mar. Apr. June July 
100 
40 
40 
80 
Feb. Mar. May June 
Feb. Mar. May June 
Feb. Mar. May June 
8.0 8.0 Feb. Mar. May June 
5.0 5.0 Feb. Mar. May June 
5.0 Feb. Mar. May June 
8.0 Feb. Mar. May June 
Mar. Apr. June July 
Mar. Apr. June July 
12.0 12.0 Mar. Apr. June July 
9.0 9.0 Mar. Apr. June July 
Apr. May July Aug. 
20.0 Mar. Apr. June July 
20.0 Apr. May July Aug. 
Apr. May July Aug. 
May June Aug. Sept. 
June July Sept. Oct. 
June July Sept. Oct. 
_d _d June July Sept. Oct. 
Table B.13. (Continued) 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Border 0.8 0.8 50 
Canal 1.0 1.0 40 
Border and canal 2.5 2.5 
Clean main canals 8.0 8.0 
Pre-irrigate^ 
Disc-harrow (2x-wet) 2.0 2.0 80 
Seed-fertilize 2.0 2.0 $0 
Cultivate 1.8 1,8 40 
Cultivate 1.8 1.8 40 
Handweed 20.0 20.0 
Handweed 20.0 20.0 
Aux. irrigations®" 
Pest control 
Pest control 
Combine grain 
Haul grain° 
Cut and haul stover -d 
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Month of operation 
Animal power tech for 120 day variety 
Custom Animal Man by planting date 
$/na hrs/ha hrs/ha Mar. Apr. June July 
100 
40 
40 
80 
Feb. Mar. Apr. May 
Feb, Mar. Apr. May 
Feb. Mar. Apr. May 
8.0  8 .0  Feb. Mar. Apr. May 
5.0  5 .0  Feb. Mar. Apr. May 
5.0  Feb. Mar. Apr. May 
8.0  Feb. Mar. Apr. May 
Mar. Apr. May June 
Mar. Apr. May June 
12.0 12.0  Mar. Apr. May June 
9.0  9 .0  Apr. May June July 
9.0  9 .0  May June July Aug. 
20.0  Apr. May June July 
20.0  May June July Aug. 
May June July Aug. 
June July Aug. Sept 
July Aug. Sept. Oct. 
_d ..d 
July Aug. Sept. Oct. 
July Aug. Sept. Oct. 
Table B.l4. Calendar of operations for double cropped 
sorghum and custom, power and labor require­
ments by power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/h£ 
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Border 0 .8  0 .8  50 
Canal 1.0 1.0 40 
Border and canal 2.5 2.5 
Clean main canals 8.0  8 .0  
Pre-irrigate^ 
80 Disc-harrow (2x-wet) 2.0 2.0  
Seed-fertilize 2.0 2.0  50 
Second fertilization 1.5 1.5 35 
Cultivate 1.8 1.8 49 
Cultivate 1.8 1.8 40 
Cultivate 1.8 1.8  40 
Cultivate 1.8 1.8 40 
Handweed 20.0  20 .0  
Handweed 20.0  20 .0  
Handweed 20.0  20 .0  
Handweed 20.0  20 .0  
Aux. Irrigations®-
Pest control 
Pest control 
Pest control 
Pest control 
Combine 
Combine^ 
HaulC 
HaulC 
Cut and haul stover 
B^ee Table B.6 in Appendix B. 
^Custom operation at $65/T for all power technologies. 
^Custom operation at $40/T for all power technologies. 
^4.0 hrs/ha plus 1.0 ha/T. 
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Month of operation 
Animal power tech by planting date 
Custom Animal Man 90 day variety 
$/ha hrs/ha hrs/ha Feb. Mar. 
100 
40 
40 
80 
Feb. Mar. 
Feb. Mar. 
Feb. Mar. 
8.0 8 .0  Feb. Mar. 
5.0 5.0 Feb. Mar. 
5.5 Feb. Mar. 
8.0  Feb. Mar. 
Mar. Mar. 
Mar. Apr. 
12.0 12.0  Mar. Apr. 
9.0 9.0  July Aug. 
9.0 9.0 Mar. Apr. 
9.0 9.0 Apr. May 
9.0  9 .0  July Aug. 
9.0 9 .0  Aug. Sept. 
20.0  Mar. Apr. 
20.0  Apr. May 
20.0  July Aug. 
20.0  Aug. Sept. 
Apr. May 
May June 
July Aug. 
Aug. Sept. 
June July 
Sept. Oct. 
June July 
Sept. Oct. 
_d _d Sept. Oct. 
Table B.l4. (Continued) 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/î: 
Plow 3.2 3.2  100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Border 0 .8  0 .8  50 
Canal 1.0 1.0 40 
Border and canal 2.5 2.5 
Clean main canals 8.0  8 .0  
Pre-irrigate®-
80 Disc-harrow (2x-wet) 2.0  2 .0  
Seed-fertilize 2.0  2 .0  50 
Second fertilization 1.5 1.5 35 
Cultivate 1.8 1.8 40 
Cultivate 1.8 1.8 40 
Cultivate 1.8 1.8 40 
Cultivate 1.8 1.8 40 
Handweed 20.0  20 .0  
Handweed 20.0  20 .0  
Handweed 20.0  20 .0  
Handweed 20.0  20 .0  
Aux. irrigations^ 
Pest control 
Pest control 
Pest control 
Pest control 
Combine^ 
Combine" 
Hauic 
Haul° 
Cut and haul stover 
e$5/T.  
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Month of operation 
by planting date 
Animal power tech IO5 day 120 day 
Custom Animal Man variety variety 
$/ha hrs/ha hrs/ha Feb. Mar. Feb. 
100 
40  
40  
80 
Feb. Mar. Feb. 
Feb. Mar. Feb. 
Feb. Mar. Feb. 
8.0 8.0 Feb. Mar. Feb. 
5.0 5.0 Feb. Mar. Feb. 
5.5 Feb. Mar. Feb. 
8.0 Feb. Mar. Feb. 
Feb. Mar. Mar. 
Mar. Apr. Mar. 
12.0 12.0 Mar. Apr. Mar. 
9.0  9.0 July Aug. Aug. 
9.0  9.0 Mar. Apr. Apr. 
9.0  9.0 Apr. May May 
9.0  9 .0  July Aug. Aug. 
9.0 9.0  Aug. Sept. Sept. 
20.0  Mar. Apr. Apr. 
20.0  Apr. May May 
20.0  July Aug. Aug. 
20.0  Aug. Sept. Sept. 
Apr. May May 
May June June 
Aug. Sept. Sept. 
Sept. Oct. Oct. 
June July July 
Oct. Nov. Nov. 
June July July 
Oct. Nov. Nov. 
Oct. Nov. Nov. 
Table B.I5. Calendar of operations for corn and custom, 
power and labor requirements by power technology 
Operation 
Mech power tech 
Tractor Man 
hrs/ha hrs/ha 
Custom power tech 
Custom Man 
$/ha hrs/ha 
Plow 
Disc (dry) 
Level 
Border 
Canal 
Border and canal 
Clean main canals 
Pre-irrigate^ 
Disc.-harrow (2x-wet) 
Seed-fertilize 
Cultivate 
Cultivate 
Handweed 
Handweed 
Aux. irrigation®' 
Pest control 
Pest control 
Pick and sack grain" 
Haul grainb 
Cut and haul stubble 
3.2 
1.4 
1.0  
0 .8  
1.0 
2.0 
2 . 0  
1.8 
1.8 
0.5 
1.0 
3.2 
1.4 
1 .0  
2 . 0  
2 .0  
1.8 
1.8 
20.0 
20.0 
24.0 
0.5 
13.0 
100 
40 
40 
50 
40 
80 
40 
20 
20 
20.0 
20.0 
24.0 
12.0 
®'See Table B.7 in Appendix B. 
^Hrs/T. 
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Animal power tech 
Custom 
$/ha 
Animal 
hrs/ha 
Man 
hrs/ha 
Month of operation 
by planting date 
90 day variety 
Apr. May June July 
100 • Mar. Apr. May June 
40 Mar. Apr. May June 
40 
8 .0  8 .0  
Mar. Apr. May June 
Mar. Apr. May June 
5.0 5.0 Mar. Apr. May June 
5.0 Mar. Apr. May June 
8.0  Mar. Apr. May June 
80 
Apr. May June July 
Apr. May June July 
12.0 12.0 Apr. May June July 
9.0 9.0 May June July Aug. 
9.0  9 .0  June July Aug. Sept. 
20.0  May June July Aug. 
20.0  June July Aug. Sept. 
May June July Aug. 
24.0  
June July Aug. Sept. 
July Aug. Sept. Oct. 
1.0 1.0 July Aug. Sept. Oct. 
2.0 14.0  Aug. Sept. Oct. Nov. 
Table B.15. (Continued) 
Operation 
Mech power tech 
Tractor Man 
hrs/ha hrs/ha 
Custom power tech 
Custom Man 
$/ha hrs/ha 
Plow 
Disc (dry) 
Level 
Border 
Canal 
Border and canal 
Clean main canals 
Pre-irrigate®-
Disc-harrow (2x-wet) 
Seed-fertilize 
Cultivate 
Cultivate 
Handweed 
Handweed 
Aux. irrigation^ 
Pest control 
Pest control 
Pick and sack grain 
Haul grainb 
Cut and haul stubble^ 
b 
3.2 
1.4 
1 . 0  
0.8 
1 . 0  
2 . 0  
2 . 0  
1.8 
1.8  
0.5 
1.0 
3 . 2  
1.4 
1 . 0  
2.5 
8.0 
2 . 0  
2 . 0  
1.8 
1.8 
20.0  
20.0  
24.0 
0.5 
13.0 
100 
40 
40 
50 
40 
80 
50 
40 
40 
2 . 5  
8 . 0  
20 
20 
20.0  
20.0 
24.0 
12.0  
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Animal power tech 
Custom 
$/ha 
Animal 
hrs/ha 
Man 
hrs/ha 
Month of operation 
by planting date 
120 day variety 
Apr. May June July 
100 
ho 
40 
8 .0  8 .0  
5.0  5 .0  
5 .0  
8 .0  
80 
12 .0  12 .0  
9 .0  9 .0  
9 .0  9 .0  
20.0 
20.0 
24.0  
1 . 0  1 . 0  
2.0  14.0  
Mar. Apr. May June 
Mar. Apr. May June 
Mar. Apr. May June 
Mar. Apr. May June 
Mar. Apr. May June 
Mar. Apr. May June 
Mar. Apr. May June 
Apr. May June July 
Apr. May June July 
Apr. May June July 
June July Aug. Sept. 
June July Aug. Sept. 
May June July Aug. 
June July Aug. Sept. 
May June July Aug. 
June July Aug. Sept. 
Aug. Sept. Oct. Nov. 
Aug. Sept. Oct. Nov. 
Sept. Oct. Nov. Dec. 
Table B.I6. Calendar of operations for first year alfalfa 
(14 months) and custom, power and labor 
requirements by power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Plow (dry) 3.2 3.2 100 
Level 1.0 1.0 40 
Border 0 .8  0 .8  50 
Canal 1.0 1.0 40 
Border and canal 2.5 2.5 
Clean main canals 8.0  8 .0  
Pre-irrigate 8.8  8 .8  
Fertilize 1.5 1.5 35 
Disc-harrow (2x-wet) 2.0  2 .0  80  
Seed 4.5 4.5 
Harrow 1.0 1 .0  20  
Clean canals 4.0 4.0  
Second fertilization 1.5 1.5 35 
Aux. irrigations^ 
Pest control 
Pest control 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest 
Cutting and hauling methods 
4.5 Hand 1.5 4.5 5.90 
Small mower 1.5 2.5 5.90 2.5 
Custom 10.00  
^See Table B.8 in Appendix B for irrigation data. 
^Harvesting is done by one of the three methods of 
cutting and hauling. The custom method is also available 
to the mechanized power technology at the rate of $10/T. 
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Animal power tech 
Custom Animal Man 
$/ha hrs/ha hrs/ha Month of operation 
Nov. 
Nov. 
8.0  8 .0  Nov. 
5.0 5.0 Nov. 
5.0 Nov. 
8.0  Nov. 
8.8  Nov. 
9.0  9.0 Nov. 
Nov. 
4.5 Nov. 
4.0 4.0  Nov. 
4.0 July 
9.0  9 .0  Aug. 
May 
Sept. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
2 . 0  
2 . 0  
10.0 
5.0 
3.0 
Table B.l?. Calendar of operations for established alfalfa 
and custom, power and labor requirements by 
power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Clean main canals 8.0  8 .0  
Clean field canals 4.0 4.0 
Clean field canals 4.0 4.0 
Clean field canals 
Fertilization 1.5 1.5 35 
Fertilization 1.5 1.5 35 
Aux. irrigations^ 
Pest control 
Pest control 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Harvest^ 
Cutting and hauling methods 
4.5 Hand 1.5 5.90  4.5 
Small mower 1.5 2.5 5.90  2.5 
Custom. 10.0  
^See Table B.8 in Appendix B for irrigation data. 
^Harvesting done by one of the three methods of cutting 
and hauling. The custom method is also available to the 
mechanized power technology at $10/T. 
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Animal power tech 
Custom Animal Man 
$/ha hrs/ha hrs/ha Month of operation 
8.0 Feb. 
4.0 Jan. 
4.0 July 
9.0  Jan. 
9.0  Aug. 
May 
Sept. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
10.00 
2.0 
2.0 
5.0 
3.0 
Table B. I 8 .  Calendar of operations for forage sorgh-um and 
Sudan forage and custom, power and labor 
requirements by power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/Via 
First year 
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Border 0.8  0 .8  50 
Canal 1.0 1.0 40 
Border and canal 2.5 2.5 
Clean main canals 8 .0  8 .0  
Pre-irrigate 8.8  
80 
8 .8  
Disc-harrow (2x-wet) 2.0 2.0  
Seed-fertilize 2.0 2.0 50 
Second fertilization 1.5 1.5 35 
Pest control 
Pest control 
Aux. irrigations®-
Harvest^ 10 
Harvest^ 10 
Second year 
8.0  8 .0  Clean main canals 
Fertilization 1.5 1.5 35 
Fertilization 1.5 1.5 35 
Pest control 
Pest control 
Aux. irrigations®-
Harvest^ 10 
Harvest^ 10 
^See Table B.8 in Appendix B for irrigation data. 
^Custom operation for all power technologies at $10/T. 
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Animal power tech 
Custom Animal Man Month of operation 
$/1ia hrs/ha hrs/ha Sorghum Sudan 
100 Mar. Mar. 
40 Mar. Mar. 
40 Mar. Mar. 
8.0 8.0 Mar. Mar. 
5.0 5.0 Mar. Mar. 
5.0 Mar. Mar. 
8.0 Mar. Mar. 
8.8 Apr. Apr. 
80 Apr. Apr. 
12.0 12.0 Apr. Apr. 
9.0 9.0 July July 
June June 
Sept. Sept. 
10 July July 
10 Oct. Oct. 
8.0 Mar. Mar. 
9.0 9.0 Apr. Apr. 
9.0 9.0 July July 
June June 
Sept. Sept. 
10 July July 
10 Oct. Oct. 
Table B.19. Calendar of operations for established grapes 
and custom, power and labor requirements by-
power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Replant 25.0  25 .0  
Set posts 
8.0  
12 .0  12.0 
Prune old growth 200.0  75 200.0  
Prune old growth 20.0  20 .0  
Replace and check wire 40.0  
40 
40.0  
Fertilize 1.5 1.5 
Put on runners 20 .0  20 .0  
Put on runners 20.0  20 .0  
Cultivate and replace 
Irrigation furrows 3.5 3.5 100 
Cultivate and replace 
Irrigation furrows 3.5 3.5 100 
Cultivate and replace 
irrigation furrows 3.5 3.5 100 
Cultivate and replace 
irrigation furrows 3.5 3.5 100 
Cultivate and replace 
irrigation furrows 3.5 3.5 100 
Cultivate and replace 
irrigation furrows 3.5 3.5 100 
Handweed 15.0 15.0 
Handweed 15.0  15.0 
Handweed 15.0 15.0 
Handweed 15.0 15.0 
Handweed 15.0 15.0 
Handweed 15.0 15.0 
Handweed 15.0 15.0 
Handweed 15.0 15.0 
Handweed ^ 
Aux. irrigation-
15.0 15.0 
4.0 Clean main canals 4.0 
Clean main canals 4.0 4.0 
Pest control 
^Numbers in parentheses indicate times operation done 
when greater than one. 
^See Table B.8 in Appendix B for irrigation data. 
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Animal power tech 
Custom Animal Man 
$/ha hrs/ha hrs/ha Month of operation®' 
25.0 Jan. 
12.0 Jan. 
10.00 200 .0  Feb. 
20.0  Aug. 
40.0  Feb. 
7.0 7.0 Apr. 
20.0  May 
20.0  July 
17.0 17.0 Feb.  
17.0 17.0  Mar. 
17.0 17.0 Apr. 
17.0 17.0 July 
17.0 17.0 Aug. 
17.0 17.0 Oct. 
20.0  Feb, 
20.0  Mar. 
20 .0  Apr. 
20 .0  May 
20 .0  June 
20.0  July 
20.0  Aug. 
20.0  Sept. 
20 .0  Dec. 
4.0 May 
4.0  Sept, 
Apr.(5) 
Table B.I9. (Continued) 
Operation 
Moch power tech Custom power tech 
Tractor 
hrs/ha 
Man 
hrs/ha 
Custom Man 
$/ha hrs/ha 
Pest control 
Pest control 
Prune new growth 20.0 20.0 
Pick 135.0 135.0 
Pick 175.0 175.0 
Sort and pack 65.0 65.0 
Sort and pack 95.0 95.0 
Hauic 
HaulC 
^Custom operation at $30/T for all technologies. 
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Animal power tech 
Custom Animal Man 
$/ha hrs/ha hrs/ha Month of operation^ 
May(3) 
June(2) 
20.0 Apr. 
135.0  July 
175.0 Aug. 
65.0 July 
95.0  Aug. 
July 
Aug. 
Table B.20. Calendar of operations for established pecans 
and custom, power and labor requirements by 
power technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Pruning 12.5  12.5 
Remove weed 2.7 5.4 30 5.4 
Clean main canals 4.0 4.0  
Clean main canals 4.0 4.0 
Fertilize 0.7  5.7 30 5.7 
Cultivate 3.0 3.0 40 
Cultivate 3.0 3.0  40 
Cultivate 3.0 3.0 40 
Cultivate 3.0 3.0 40 
Pest control 
Pest control 
Pest control 
Irrigate^ 
Shake trees 20.0  20 .0  
Pick up nuts 90 .0  90 .0  
Collect nuts 1.5 1.5 50 1.5 
Grade and pack 3.0  3.0 
Haulb 
&See Table B.8 In Appendix B for irrigation data. 
^Custom operation at $80/T for all power technologies. 
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Animal power tech 
Custom Animal Man 
$/ha hrs/ha hrs/ha Month of operation 
12.5 Jan. 
3.0 6.0 Jan. 
4.0  Feb. 
4.0 July 
1.0 6.0 Feb. 
6.0 6.0 May 
6.0  6 .0  May 
6.0 6.0 July 
6.0 6.0  Sept. 
Apr. 
June 
Aug. 
20.0  Nov. 
90.0  Nov, 
3.0 3.0 Nov. 
3.0 Dec. 
Dec. 
Table B.21. Calendar of operations for strawberries and 
custom, power and labor requirements by power 
technology 
Mech power tech Custom power tech 
Tractor Man Custom Man 
Operation hrs/ha hrs/ha $/ha hrs/ha 
Plow 3.2 3.2 100 
Disc (dry) 1.4 1.4 40 
Level 1.0 1.0 40 
Canal 1.0 1 .0  40  
Canal 2.5 2.5 
Clean main canals 8.0  8 .0  
Pre-irrigate 7.5 
80 
7.5 
Disc-harrow (2x-wet) 2.0 2.0  
Build beds 3.0 3.0 100 
Plant 200.0 200.0  
Cultivate 1.8 1.8 40 
Cultivate 1.8 1.8 40 
Cultivate 1.8 1.8 40 
Cultivate 1.8 1.8  40 
Cultivate 1.8 1.8 40 
Cultivate & fertilize 2.0  2.0 45 
Cultivate & fertilize 2.0  2 .0  45 
Cultivate & fertilize 2.0  2.0 45 
Cultivate & fertilize 2.0  2 .0  45 
Aux. irrigations^ 
Handweed 15.0 15.0  
Handweed 15.0  15.0 
Handweed 15.0 15.0  
Handweed 15.0 15.0 
Handweed 15.0  15.0 
Handweed 15.0 IS .O 
Handweed 15.0 15.0 
Handweed 15.0  15.0 
Handweed 15.0 15.0 
Handweed 15.0 15.0 
Handweed 15.0  15.0 
Handweed 15.0 15.0 
Handweed 15.0  15.0 
Handweed 15.0 15.0 
Handweed 15.0 15.0 
^See Table B.8 in Appendix B for irrigation data. 
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Animal power tech 
Custom Animal Man 
$/ha hrs/ha hrs/ha Month of operation 
100 Aug. 
40 Aug. 
40 Aug. 
5.0 5.0 Aug. 
5.0 Aug. 
8.0  Aug. 
7.5 Sept. 
80 Sept. 
100 Sept. 
200.0  Sept. 
9.0  9.0 Oct. 
9.0  9.0 Dec. 
9.0  9.0 Aug. 
9.0  9 .0  Oct. 
9.0  9 .0  Dec. 
10.0  10 .0  Sept. 
10.0  10.0 Feb. 
10.0 10.0  Apr. 
10.0  10 .0  June 
20.0  Oct. 
20.0 Nov. 
20.0  Dec. 
20.0  Jan. 
20.0 Feb. 
20.0  Mar. 
20.0  Apr. 
20.0  May 
20.0  June 
20.0  July 
20.0  Aug. 
20.0  Sept. 
20.0  Oct. 
20.0  Nov. 
20.0  Dec. 
Table B.21. (Continued) 
Mech power tech Custom power tech 
Operation 
Tractor 
hrs/ha 
Man 
hrs/ha 
Custom 
$/tia 
Man 
hrs/ha 
Pest control 
Pest control 
Pest control 
Rogue 
Pick 
Pick 
Packing 
Packing 
Hauling 
Haulingb 
10.0 
800.0 
800.0 
200.0 
200.0 
10.0 
800.0 
800.0 
200.0 
200.0 
^Custom operation at $100/T for all power technologies. 
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Animal power tech 
Custom Animal Man 
$/ha hrs/ha hrs/ha Month of operation 
Apr. 
Aug. 
Dec. 
10.0 June 
800.0  Jan. 
800.0  Feb. 
200.0  Jan. 
200.0  Feb.  
Jan. 
Feb.  
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Table B.22. Planting data, length of maturity, fertilizer 
level and yields of I968 grain sorghum experi­
ments at CIANE 
Planting 
date 
Maturity 
days 
First 
fert. 
applica­
tion 
N-P-K 
kg/ha 
Yield 
first 
cutting 
kg/ha 
Second 
fert. 
applica­
tion 
N-P-K 
kg/ha 
Yield 
second 
cutting 
kg/ha 
Mar. 15 90 80-40-0 3,750 60-0-0 4,570 
Mar. 31 90 80-40-0 3,530 60-0-0 4,670 
Apr. 15 90 80-40-0 2,880 60-0-0 5,220 
Apr. 30 90 80-40-0 4,780 60-0-0 4,780 
May 15 90 80-40-0 3,750 
May 30 90 80-40-0 2,770 
June 15 90 80-40-0 3,750 
June 30 90 80-40-0 4,240 
July 15 90 80-40-0 3,970 
July 31 90 80-40-0 2,070 
Mar. 15 105 80-40-0 5,050 60-0-0 5,980 
Mar. 31 105 80-40-0 5,880 60-0-0 5,600 
Apr. 15 105 80-40-0 4,840 60-0-0 0 
Apr. 30 105 80-40-0 6,090 60—0—0 2,550 
May 15 105 80-40-0 3,910 60-0-0 2,070 
May 31 105 80-40-0 4,080 
June 15 IQ:^ 80-40-0 5,050 
June 30 105 80-40-0 6,200 
July 15 105 80-40-0 4,350 
July 31 ],05 80-40-0 2,120 
Aug. 15 105 80-40-0 2,120 
Mar. 15 120 80-40-0 4,020 60-0-0 4,080 
Mar. 31 120 80-40-0 4,020 
Apr. 15 120 80-40-0 4,670 
Apr. 30 120 80-40-0 5,330 
May 15 120 80-40-0 4,850 
May 31 120 80-40-0 4,570 
June 15 120 80-40-0 4,670 
June 30 120 80-40-0 5,430 
July 15 120 80-40-0 3,040 
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Table B.23. Planting date, fertilizer level and percentage 
of maximum yield for corn of 90 and 120 days 
maturity 
Planting 
date 
Fertilizer 
level 
N-P-K 
kg/ha 
Yield of 
90 day 
variety^ 
I0 
Yield of 
120 day 
variety 
I0 
Apr. 15 80-40-0 84.0  96 .0  
Apr. 30 80-40-0 iOO.O 82.0 
May 15 80-40-0 95 .0  90 .0  
May 30 80-40-0 91 .0  79 .0  
June 15 80-40-0 97 .0  98 .0  
June 30 80-40-0 80.0 100.0 
July 15 80-40-0 75 .0  90.0 
^'Expected yield of 90 day variety is 4,500 kg/ha. 
^Expected yield of 120 day variety is 6,400 kg/ha. 
